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FOREWORD 


In  order  to  meet  the  need  for  a  National  Radar  Reflectivity 
Range .  Rome  Air  Development  Center  (RADC)  awarded  a  development 
contract  on  29  June  1962  to  General  Dynamics /Fort  Worth  (GD/FW) 
to  design,  fabricate,  and  develop  the  Radar  Target  Scatter  Site 
(Project  RAT  SCAT)  on  the  Alkali  Flats,  Holloman  AFB,  Mew  Mexico, 
(Contract  AF30(602)-2831) .  The  operational  RAT  SCAT  Site  was  de¬ 
livered  to  the  Air  Force  on  30  June  1964 

The  RAT  SCAT  facility  was  developed  for  full-scale  radar 
cross  section  measurements.  In  the  pursuit  of  this  development, 
an  R&D  Program  was  undertaken  to  provide  for  the  specific  needs 
of  Project  RAT  SCAT  as  requirements  appeared  in  the  implementa¬ 
tion  of  the  function  of  the  site.  A  significant  portion  of  this 
work  was  subcontracted.  Emphasis  was  placed  on  those  areas 
thought  to  be  most  promixing  in  achieving  BBeasurement  objectives. 
The  presentation  of  the  results  of  the  R6£  Program  is  covered  in 
eight  reports  which  were  prepared  as  RADC  Technical  Documentary 
Reports . 

This  report  (General  Dynamics /Fort  Worth  Report  No.  FZE- 222-8) 
is  No.  8  in  the  series.  It  contains  a  description  of  the  results 
of  an  investigation  of  analytical  and  analog  techniques  for  re¬ 
ducing  the  influence  of  target  support  systems  for  radar  scatter¬ 
ing  measurements.  The  report  was  prepared  by  W.  P.  Cahill  and 
C.  C.  Freeny. 

The  contents  of  this  report  and  the  abstract  are  unclassified. 
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ABSTRACT 


The  results  of  an  Investigation  of  analytical  and  analog  tech¬ 
niques  for  reducing  the  influence  of  target  support  systems  for 
radar  scattering  measurements  are  presented  and  discussed  in  this 
report.  Several  areas  of  electrical  and  mechanical  requirements 
associated  with  these  techniques  were  theoretically  and  experi¬ 
mentally  investigated.  An  experimental  system  for  analytically  re¬ 
ducing  the  influence  of  target  supports  was  implemented  by  in¬ 
corporating  a  phase  measurement  system  and  a  digital  computer  into 
an  operational  radar  cross  section  measurement  facility.  Data  was 
obtained  by  using  the  system  to  reduce  the  influence  of  the  return 
of  Styrofoam  support  columns  during  the  measurement  of  1/2- ,  5/8-, 
7/8-,  and  2-lnch  diameter  spheres  and  a  30-degree,  5.1-inch  diam¬ 
eter  sphere-cone  as  targets  at  L-Band.  A  cross  section  measurement 
error  of  about  7  db,  resulting  from  the  influence  of  the  target 
support  system,  was  reduced  to  about  1  db  by  using  this  discrimi¬ 
nation  system  in  the  vicinity  of  nose-on  in  the  case  of  the  sphere- 
cone  target.  The  discrimination  system  output  was  compared  to  a 
low  background  measiirement  on  the  sphere-cone.  This  is  Report  No. 

8  of  a  series  of  eight  RAT  SCAT  Research  and  Development  Program 
reports . 
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SECTION  1 


INTRODUCTION 


Accurate  neasurement  of  radar  scattering  is  conaonly  depen¬ 
dent  upon  achieving  a  condition  wherein  the  influence  of  a  target 
support  on  the  incident  and  scattered  field  is  much  less  than 
that  of  the  target.  This  condition  is  commonly  realized  by  pro¬ 
viding  a  support  system  with  an  effective  radar  cross  section  mud 
less  than  that  of  the  target.  This  solution  may  become  difficult 
to  implement  in  the  case  of  heavy,  low  cross  section  targets.  In 
these  cases,  a  means  for  reducing  the  influence  of  the  support 
system  through  analytical  or  analog  means  becomes  of  interest. 

This  report  contains  a  description  of  the  results  of  a  theo¬ 
retical  and  experimental  investigation  of  electrical  and  mechani¬ 
cal  system  features  associated  with  discrimination  or  cancella¬ 
tion  techniques  and  a  description  of  the  implementation  of  a  dis¬ 
crimination  system  and  the  results  obtained  by  use  of  this  system 

The  discrimination  system  was  used  to  extract  the  cross  sec¬ 
tion  of  a  series  of  targets.  The  system  was  designed  to  extract 
target  data  by  phase  and  cross  section  measurements  on  the  target 
support  system  (or  background)  and  measurements  on  the  support 
system  with  the  target  in  place.  The  target  data  extraction  is 
accomplished  by  straightforward  vectorial  subtraction  of  the  in¬ 
put  data.  The  discrimination  system  was  incorporated  into  the 
RAT  SCAT  Band  4  (1-  to  2*gigacycle)  equipment  complement. 

A  technical  discussion  of  the  general  equipment  features  and 
system  concepts  is  included  in  Section  2.  Section  3  contains  a 
description  of  a  series  of  preliminary  experimental  tests  designe 
to  obtain  a  measure  of  the  feasibility  or  utility  of  techniques 
of  interest  In  Section  4,  the  discrimination  system  implemented 
for  use  with  the  radar  cross  section  equipment  is  described.  The 
results  of  a  series  of  measurements  made  by  using  the  discrimina¬ 
tion  system  components  and  the  complete  system  are  described. 

The  target  used  Included  the  1/2- ,  5/8-,  7/8-  and  2- inch  diameter 
spheres  and  a  30- degree,  5 . 1- inch-diameter  sphere-cone  as  targets 
Conclusions  and  recommendations  are  presented  in  Section  6.  Be¬ 
cause  of  the  large  number  of  figures  in  Sections  3  and  5,  the 
figures  in  these  sections  will  be  located  at  the  end  of  the  text. 
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SECTION  2 


TECHNICAL  DISCUSS ~ON 


The  the  jretictl  Irtves tlgation  ass  ociated  with  a  study  of 
means  of  red  ictng  the  ;.nfluence  of  extraneous  signals  in  radar 
cress  sectio  t  laeassjrements  was  primarily  devoted  to  an  exa)alna> 
ticn  of  phas  stab  ility  and  accuracy  requirement  .  Details  of 
this  invest!  nation  appear  In  the  following  paragraphs  find  in 
Reference  1.  Many  phr.res  of  this  investigation  Are  applicable 
to  active  an  I  passive  eignal  re.luctloa  or  cancellation  and  ana¬ 
log  and  anal  tic  moans  of  jlgnal  reduction.  A  s/stem  devised 
for  an  inter  ’edlat  i  frequency  cancellation,  conc  eived  oy 
Conductron  C  -rporacion,  Is  briefly  dii. cussed  in  -appendix  I.  A 
discussion  o  '  a  nu'aber  of  tests  oriented  toward  -valuation  of 
8  radar  syst  a  £o'  phase  mAasurements  are  discussed  In  Appendix 
II.  '  ‘ 


Phase  a-  i  am  Iltude  stability  and  accuracy  are  essential 
in  some  sense  in  implementing  cancellation  or  dlrcrlmlnation 
techniques  but  phtse  requirements  appear  tc  be  and  are  demoni- 
strated  to  be  in  .'iotne  cases  more  difficult  to  rerllze.  A  test 
of  the  amplitude  stability  of  the  RAT  SCAT  equipment  %:a8  con¬ 
ducted  over  a  six-hour  period  by  using  Band  4  equipment  and 

coupling  the  outp  t  of  the  transmitter,  through  art  attenuator. _ 

into  the  input  of  the  receiving  system  and  recording  at  10-mlnute 
intervals;  the  t  cal  variation  was  only  0.3  db  over  £  6-hour 
period. 

In  this  investigation,  consideration  was  given  to  both 
electrical  end  mechanical  phenomenon  which  could  influence  the 
phase  infonratlon  obtained,  as  well  as  to  criteria  which  could 
be  used  for  system  evaluation.  Aside  from  difficulties  asso¬ 
ciated  with  the  us?  of  the  measurement  equipment,  many  system 
parameters  can  influence  the  phase  Information  obtained.  The 
influence  of  these  parameters  can  be  seen  by  considering  the 
expressions 


et  -  TTe^  cos(a)t  +  2AaJR/c  +  2tDAd/c  -f  0t)  (2-1) 

Cx;-  "  fj.  co3(u)t  +  0J,)  (2-2) 

vhere  cO  is  the  operating  r  ^dian  frequency,  and  the  0^  are 
arbitrary  phase  constants.  The  2  AcO  R/c  term  is  Included  tc 
account  for  the  Irfluence  c:  a  frequency  change  for  a  path 
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ieng  h  differencft  of  R  between  the  signal  sources  of  e^  and 
er-  The  2cjOA  d/c  term  Is  included  to  account  for  the  effect  of 
a  pa  h  length  change  for  one  of  the  signals.  The  effect  of  these 
parasaaters  is  numerically  Illustrated  in  Figures  2-1  and  2-2. 

The  Equations  2-1  and  2-2  do  not  account  for  such  features  as 
coupling  and  other  means  by  which  the  target  may  influence  the 
actual  background  signal.  It  can  be  seen  that  phase  stability 
and  "ccuracy  requirement'a  may  be  influenced  by  the  physical  lo- 
caci  n  of  the  reference  relative  to  the  target.  For  example,  the 
use  f  a  scatter  in  the  vicinity  of  the  target  as  a  reference 
sign  1  source  or  cancellation  signal  source  would  essentially 
ellm  nate  the  Influence  of  frequency  changes  and  many  sources 
of  p- 3sible  relative  p^’ase  changes  because  the  paths  of  both  sig¬ 
nals  of  interest  are  largely  the  same. 

The  cancellation  study  reported  in  Reference  I  was  devoted 
to  (  )  the  comparison  of  active  cancellation  (signal  injection) 
and  passive  cancellation  (by  placing  adjustable  scatterers  In 
targ*  t  region)  and  (2)  the  investigation  of  the  expected  cross 
section  reduction  as  a  function  of  phase  and  amplitude  instabil- 
ity.  A  comparison  between  active  and  passive  cancellation  was 
made  on  a  qualitative  basis.  To  obtain  the_ti.ecessary  conditions 
by  use  of  the  passive  technique,  the  signal  returned  by  the  can¬ 
celling  scactnrers  must  be  nearly  eoual  in  magnitude  and  opposite 
in  phase  to  those  of  tbe  background,  plus  the  scatterers  from 
the  target  support,  as  seen  by  the  receiving  antenna.  In  this 
scheme,  cancel lation  1?  accomplished  outside  of  the  receiving  ~ 
system.  Wlien  the  active  ’•.echrique  is  used,  a  cancelling  signal 
is  added  to  the  signal  to  bt  cancelled  at  either  the  RF  or  IF 

level  of  the  receiving  syate  o  In  the  case  cf  this  analog  tech¬ 
nique,  e  constant  cancelling  signal  is  conatDr.ly  used.  The  cri¬ 

terion  used  in  the  comparlsc  -  of  the  two  techniques  was  that 
the  maxinjum  cancellation  err  r  be  no  greater  chan  100  per  cent. 

If  absol.ite  amplitude  stabil  cy  is  assumed,  an  error  of  100  per 
cent  I’K  icates  a  phase  tet'er  al  of  the  cancelling  signal.  The 
reason  :or  selecting  this  o':  iter  ten  is  that  it  is  relatively  easy 
to  meet  vhen  a  scheme  Involving  active  cancellation  is  used.  To 
rnBintair.  this  condition  by  the  use  of  active  cancellation,  all 
-hat  is  required  is  reasonabis  amrlttude  stability  of  the  cancel¬ 
lation  network..  To  insure  that  the  maximum  error  criterion  is 
iset  when  passive  cel lation  is  used,  the  cross  section  of  the 
cancelling  sercterer."  .must  exhibit  the  same  type  of  amplitude  3ta- 
1 lllty  irdlcated  above.  However,  this  type  of  amplitude  sta- 
'  illty  can  only  be  obtained  in  the  passive  case  if  the  cancelling 
catterers  are  Isolated  (decoupled)  from  the  target  support  and 
arget-.  To  achieve  such  Isolation  without  increasing  the  back¬ 
ground  or.  a  ground  plane  range  would  be.  difficult  unless  a  large 
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number  of  small  scatterers  could  be  used.  However,  if  passive 
cancellation  Is  to  be  used  operationally,  a  convenient  means  of 
adjusting  the  phase  and  amplitude  of  the  cancelling  scatterers 
must  be  provided  to  prevent  an  Inherently  unwieldy  operation. 

As  indicated  by  Equations  2-1  and  2-2,  the  stability  of 
both  types  of  cancellation  are  Influenced  by  frequency  stability 
and  target  support  movement.  The  Influence  of  target  support 
movement  on  the  signal  amplitude  Is  probably  greater  In  the  pas¬ 
sive  technique  because  of  the  coupling  between  the  cancelling 
scattera:  and  target  support.  Aside  from  mechanical  Instabilities 
and  temperature  variation,  which  can  Influence  the  phase  of  the 
return  from  a  target,  wind  effects  may  also  Introduce  apprecia¬ 
ble  phase  changes .  This  can  be  seen  In  the  results  of  the  fol¬ 
lowing  analysis  of  wind  effects  on  circular  columns.  For  this 
analysis,  maximum  column  deflections  were  calculated  on  the  basis 
of  the  assumption  that  circular  columns  were  used  and  secured  so 
as  to  act  as  cantilevers.  The  relationships  used  to  relate  wind 
velocity  to  maximum  deflection  are  defined  In  Equations  2-3  and 
2-4  (see  References  2  and  3) : 


P  -  .00256  V2 


(2-3) 


where 

P  =  Pressure  (lb/ft2) 

V  “  Wind  Velocity  (mph) 


where 

V 

*max 

Ft 

L 

E 

I 


^max 


Ft  +  l3 
8EI 


(2-4) 


Maximum  column  deflection 

Force  acting  uniformly  on  length  of  column 

Length  of  column 

Modulus  of  elasticity 

Moment  of  inertia 
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For  the  circular  coluxcr,  the  value  cf  I  is  given  by 


I 


(2-5) 


where  R  is  the  radius  of  the  column-  If  it  is  assumed  that  no 
friction  forces  act  between  the  wind  and  the  cclumn,  then  the 
force  acting  uriforxly  or.  the  column  is  given  by 

Ft  -  2  PRL  (2-6) 

Combining  Equations  2  2  2-5,  and  2  6  results  in  obtaining 

the  following  equation  fcr  maxindum  deflection' 


^max 


E 


(2-7) 


Data  obtained  from  the  use  or  F^uaricr.  2-7  i«  plotted  in  Figure 
2-3  Values  assumed  for  computational  purposes  were  E  ■  450 
psi,  (2)  column  length  »  10  feet,  and  ;  5  •  coi-imn  diameter  ■  1, 
1.5,  2=0,  and  2  5  feet 

To  estimate  the  allowaoxe  range  of  wind  velocities  under 
which  cancellation  would  be  feasible,  a  maximum  phase  deviation 
of  0=1  radian  (5  73  degrees ‘  at  3  gigacvcies  was  assumed  This 
phase  deviation  corresponds  to  a  20'db  redjc'icn  in  the  signal 
level  through  cancellation  under  the  :ordition  cf  ro  amplitude 
error-  Figure  2-4  is  a  plot  -of  ctlumn  height  versus  wind  ve¬ 
locity  for  a  1  5- fo'^t  uiameuer  ^clumrt  under  the  above  assump¬ 
tions  The  data  in  Figure  2-4  ir dirates  that,  for  a  column  10 
feet  in  length  and  1  3  feet  in  diameter,  a  0  1  radian  phase 
shift  will  result  from  a  3-roph  wind 


One  concept  for  system  evaluation  is  that  commonly  referred 
to  as  background  lmprcveme’'t  Background  imprcvement  R,  can  be 
mathematically  expressed  as 


R  -  ■ 10  leg 


where  the  subscript  B  represents  the  original  background  signal 
or  extraneous  signal  and  C  renresenr.s  rhe  cancelling  signal  In 
terms  of  an  effective  cross  section  level,  O' i ,  background 
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Fig.  2- A  ALLOWABLE  COLUMN  HEIGHT  AS 
A  FUNCTION  OF  WIND  VELOCITY 
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improvement  can  be  represented  by 


where 


CTj.  -  (1  -  oc)2  +  Aocsin^  ^ 

2 


(2-9) 


uncancelled  signal 
cancelling  signal 

0  "  phase  difference  between  the  uncancelled  and  the 
cancelling  signal. 

This  relationship  was  obtained  by  evaulating  and  normalizing  the 
mean  square  of  the  difference  between  two  sinusoidal  voltages  of 
the  same  frequency.  The  only  requirements  were  that  the  ampli¬ 
tudes  and  phase  differences  cf  the  two  voltages  remain  constant 
over  an  electrical  cycle.  The  normalization  was  accomplished  by 
dividing  the  mean  square  by  the  square  of  the  cancelling  signal 
amplitude.  The  above  formulation  should  be  valid  for  pulse  sys¬ 
tems  in  which  there  are  several  cycles  in  each  pulse  and  the  can¬ 
celling  signal  remains  the  same  frequency  as  that  of  the  signal 
to  be  cancelled  during  each  pulse  period.  This  relationship  will 
be  used  later  in  a  statistical  estimation  of  the  background  im¬ 
provement  concept,  Thus  it  can  be  seen  that,  for  effective  signal 
reduction,  the  cancellation  signal  must  be  nearly  out  of  phase 
and  equal  in  amplitude  to  the  extraneous  signal  at  the  time  that 
the  receiving  system  converts  the  signals  to  an  amplitude  level. 

As  an  illustration  of  the  influence  of  measured  quantities 
on  background  improvement,  calculations  made  by  using  Equation 
2-8  are  shown  in  Figure  2-5  as  a  function  of  the  deviation  of  the 
signal  parameters  from  the  ideal  case  of  equal  amplitudes  and  an 
out-of-phase  condition  for  the  two  signals.  The  data  illustrated 
should  be  considered  to  represent  peaks  or  100  percentile  values . 
These  data,  considered  relative  to  the  data  in  Figures  2-1  and  2-2, 
indicate  that  equipment  requirements  are  stringent  for  a  reason¬ 
able  background  reduction  under  these  conditions;  consequently, 
a  statistical  evaluation  of  requirements  is  suggested. 

The  concept  of  background  improvement  can  be  related  to  the 
common  criterion  for  radar  cross  section  measurements  Since  the 
error  in  the  measurement  of  a  coherent  signal  in  the  presence  of 
a  coherent  background  level  is  dependent  on  the  phase  relation¬ 
ship  between  the  two  signals,  the  criterion  for  maximum  error  re¬ 
sulting  from  constructive  or  destructive  interference  is  commonly 
used  for  error  estimates.  In  this  same  sense,  the  reduced 
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background  background  level  can  be  substituted  for  the  original 
level,  and  the  resulting  expression,  which  has  the  same  basic 
form  as  Equation  2*3,  becomes,  by  using  Equation  2-9, 


f 

max 


20  log 


1+K  1  (1  -oc)2  +  4o6sin2  S/2 


(2-10) 


where  S  Is  the  phase  measurement  error  and  Is  the  ratio 

In  the  case  where  amplitude  errors  are  considered  neg¬ 
ligible,  Equation  2-10  becomes 


(r 


max 


20  log 


1  +  2K  8ln(6  /2) 


(2-11) 


The  sign  used  Is  dependent  on  the  selection  of  constructive  or 
destructive  Interference.  It  Is  evident  that  expression  2-11  be¬ 
comes  the  maximum  error  expression  In  the  case  where  there  Is  no 
background  reduction  when  5  •  60  degrees.  Thus,  for  any  value 
of  K,  the  effective  level  of  the  background  will  be  reduced  if 
S  < 60  degrees.  However,  an  examination  of  the  maximum  error 
criterion  (constructive  or  destructive  interference  between  the 
target  and  background  signals)  will  reveal  that  the  resultant 
maximum  error  possible  with  the  reduced  background  may  exceed  the 
maximum  error  possible  without  background  reduction  for  certain 
values  of  K. 

The  maximum  error  Is  show^i  In  Figure  2-6  as  a  function  of 
8  and  K  from  Equation  2-11.  The  cotmon  maximum  possible  error 
curve  ( 6  ■  60  degrees)  is  also  shown  in  this  figure  for  compari¬ 
son.  The  break  In  each  of  the  curves  Is  a  result  of  displaying 
the  maximum  error;  this  display  of  maximum  error  results  from 
the  selection  of  destructive  or  constructive  interference  in  cer¬ 
tain  regions.  The  maximum  error  results  from  destructive  inter¬ 
ference  In  the  case  of  the  smaller  K  and  from  constructive  Inter¬ 
ference  in  the  case  of  the  larger  K.  The  change-over  point  occurs 
at  a  K  value  given  by 


TY  K  sin  (8  /2)  -  1. 

It  is  of  interest  to  consider  the  error  in  phase  which  can 
be  allowed  before  the  maximum  possible  measurement  error  exceeds 
that  without  background  reduction.  The  maximum  allowable  phase 
error  is  shown  in  Figure  2-7  as  a  function  of  K.  To  obtain  the 
data  shown,  it  was  assumed  that  the  region  of  interest  is 

2K  sin  6/2  <  1 . 
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The  curves  shown  in  Figure  2-4  indicate  a  need  co  increase  the 
phase  neasuring  accuracy  when  background  levels  are  large  rela¬ 
tive  to  the  level  of  the  target . 

An  equivalent  error  situation  appears  in  measurements  of 
phase  in  the  presence  of  a  coherent  background  level.  The  total 
reciirn  from  the  signal  of  interest  plus  the  extraneous  signal 
can  be  written  as 


't 


(2-12) 


where  the  t  and  x  subset ipts  dencce  the  signal  of  interest  and 
extraneous  signal,  respectively.  The  measured  amplitude  and  phase 
then  are  Ej  and  respectively,  and  Equation  2-12  can  be  writ¬ 
ten  as 


P  i  ( 0  ? 
tT’e 

4. 

6  ^  . 

“  Eve  + 

F 

r.x'2 

(2-13) 

By  a  manipulation 
mum  value  6  g,  is 

of  Equation  2-13  it 

can  be  shewn  that 

Che  naxl 

* 

ro 

-1 

tan 

(2-14) 

which,  for  small 

,  becomes 

n 

O “ 

Ex 

■^Er 

Figure  2^8  is  a  plot  of  the  Relation  2-la,  From  an  examination 
of  this  curve,  it.  can  be  seer  that  a  relative  level  between  the 
desired  signal  and  the  extraneous  signal  of  20  and  30  db  can  pro¬ 
duce  a  maximum  phase  measurement  error  of  5.7  and  1.8  degrees, 
respectively . 

While  the  background  improvement  data  shown  in  Figure  2-5 
are  .f  value  for  eytimating  system  performance,  a  more  reasonable 
estimate  may  be  obtained  in  many  cases  through  an  estimate  based 
on  statistical  system  properties  Since  the  measurements  to  be 
obtained  are  time  dependent,  the  idea  cf  using  a  statistical 
evaluation  is  a  reasonable  approach,  and  by  this  means  accuracy 
or  stabilitv  requirements  can  be  based  on  a  large  percentage  of 
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the  tlae  so  that  the  stringency  of  requirements  are  effectively 
reduced.  To  investigate  the  problem  from  a  statistical  stand¬ 
point,  a  normalized  cross  section  (  <J  formulated  in  terms  of 
the  normalized  amplitude  and  phase  parameters  (cC)  and  (A0)  can 
be  used.  The  relationship  between  these  parameters  is  defined 
in  Equation  2-9.  To  obtain  an  estimate  of  the  amount  of  cross 
section  reduction  obtainable  by  u8i*  of  a  given  cancellation 
scheme,  the  statistical  distributions  of  oc  and  A#  over  a  meas- 
turing  period  could  be  used  if  they  were  kno%m.  A  measure  of  the 
system  requirements  for  a  practical  level  of  improvement  can  be 
obtained  by  assuming  distribution  functions  for  the  problem 
parameters  If  it  is  assumed  that  the  amplitude  and  phase  error 

components  (1  -oC)  and  2 Too  sin  a  9/2  are  independent  and  norm¬ 
ally  distributed  with  equal  variances  and  mean  zero,  then  the 
probability  that  (Jj-  is  less  than  the  selected  value  O' ro 
given  by  (see  Reference  4) 

r  ■ 

Pr  I  0  <  Or  i  Or,  -  1  -  e  /  ,  ° 

L 

or 

’^Xo  -  20oc  Ln  , - L_/  (2-15) 

1  -  i 

•) 

where  is  equal  r.c  the  variance  or  the  amplitude  and  phase 

function  distributions  and  CJ is  equal  to  minimum  cross  sec¬ 
tion  reduction  for  a  given 


Pr  i  0  <  Or  < 

L- 


A  curve  of  the  Equation  2-13  is  shewn  in  Figure  2-9  for  o  ■  0.9 
and  0.5.  An  examination  of  Figure  2-9  indicates  that  a  20-db 
cross  section  reduction  is  possible  30  per  cent  of  the  time  if 
the  amplitude  and  phase  standard  deviations  remain  less  than  or 
equal  to  0  085.  This  value  corresponds  to  an  error  of  about  5 
degrees  of  phase  and  canr<  1 i  i Lon  to  background  cross  section 
ratio  of  about  0.7  db  at  tne  1 CT  point  For  10-db  reduction, 
the  standard  deviations  become  0  25  and  14.3  degrees-  It  is  in¬ 
teresting  to  compare  the  10-db  reduction  point  for  •  0^5  with 
the  10-db  reduction  point  shown  in  Figure  2-5.  In  both  cases, 
the  values  of  the  amplitude  and  phase  deviations  are  approximately 
equal  except  that  in  Figure  2-5  the  deviations  represent  maximum 
variations  ar.d  in  Figure  2-9  they  represent  standard  deviations. 
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The  earlier  curve  Indicates  that  more  than  lO-db  reduction  is 
not  possible  100  per  cent  of  the  time,  whereas  the  data  in  Figure 
2-9  indicates  that  10-db  reduction  is  possible  50  per  cent  of 
the  t ime . 


More  comparative  data  can  be  obtained  by  assuming  independ¬ 
ent,  uniform  distributions  for  the  amplitude  and  phase  factors 

*  -A 

(1  -  cy.)  and  2|OC  sin  — ^  If  the  limits  of  the  two  uniform 

distributions  are  assumed  to  be  equal  and  defined  by  +  Ao^/2, 
the  cumulative  distribution  can  be  obtained  for  a  selected 
O’ tq  by  use  of  the  equation 
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If  CTj-q  is  a  value  less  than 


and 


(2-16) 

+ 


^  -  Pr  i  CTro 


is  equal  to  0>5,  the  expression  for  minimum  cross  section  reduc¬ 
tion,  as  a  function  of  the  deviation  parameter  Acx.  >  is 


Or 


o 


(2-17) 


Data  obtained  through  use  of  Equation  2-17  is  plotted  in  Figure 
2-10.  To  permit  a  comparison  of  the  results  obtained  on  the  basis 
of  assumed  normal  and  uniform  distributions,  the  0.5  probability 
curve  from  Figure  2-9  is  also  shown  in  Figure  2-10.  On  the 
deviation  parameter  abscissa  >  ^oc  is  used  for  the  uniform  case, 
and  Gol  is  used  for  the  normal  case 


From  the  data  plotted  in  Figure  2-10,  it  is  observed  that, 
if  the  amplitude  and  phase  variations  are  uniformly  distributed 
between  the  limits  of  +0  125,  then  a  radar  cross  section  re¬ 
duction  of  20  db  can  be  expected  50  per  cent  of  the  time.  This 
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Fig.  2-10  MINIMUM  CROSS  SECTION  REDUCTION  AS  A 
FUNCTION  OF  DEVIATION  PARAMETERS 
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corresponds  to  a  total  angular  variation  of  approximately  14  de> 
grees  and  total  amplitude  variation  of  0.25. 

In  the  previous  discussion,  the  amplitude  and  phase  devia¬ 
tion  parameters  were  assumed  equal  (i.e.,  (Joe  “  C70  and 

A  0) .  To  determine  the  impact  of  such  an  assumption,  the  follow¬ 
ing  analysis  of  the  expected  cancellation  is  made  on  the  basis 
of  assuming  (1)  a  negligible  amplitude  deviation  and  (2)  a  uni¬ 
formly  distributed  phase  deviation-  For  the  case  when  oC"  1, 
the  cumulative  distribution  of  (jj-  is  obtained  from  the  equation 


Pr  0  <  J 


2 

A0 


Old 


(2-18) 


Solving  Equation  2-18  for 
of  0.5  result  in 


This  is  compared  to  — — 
2-17.  2^ 


again  assuming  a  probability 
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obtained  from  the  use  of  Equation 


Tl^.is  comparison  of  the  two  cases  indicates  that  an  addition 
al  3.5-db  reduction  is  achievable  if  a  negligible  ajiplitude  var¬ 
iation  is  maintained,  as  opposed  to  the  case  where  the  gain  and 
amplitude  deviations  are  equal. 

A  quantitative  estimate  of  the  expected  cancellation  of  a 
given  uncancelled  signal  may  be  obtained  by  (1)  estimating  doo 
and  Aq^  from  a  plot  of  the  uncancelled  signal  and  (2)  using  the 
data  shown  in  Figure  2-10  to  find  the  cancellation  expected  for 

the  value  of  (Joe  and  Aoe  determined  in  step  1  This  procedure 
is  described  in  the  following  paragraphs. 

An  estimate  of  <7^^  may  be  obtained  by  letting 

.  N  _ 

S  fCTi  (2-19) 


where  O’ i  represents  the  value  of  cross  section  of  the  uncancelled 
system  at  the  i^^  sample  point  which  corresponds  to  some  aspect 
angle 
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If  the  cancelling  signal  aatplltude  is  assumed  to  be  equal 
to  the  sample  mean,  ,  then  an  estimate  of  ,  say  ^  , 
is  obtained  by  use  of  the  equation 


(2-20) 


An  estimate  of  can  be  obtained  from  the  cross  section  plot 
through  use  of  the  maximum  and  minimum  values  of  cross  section 

(^max*  ^min)  ‘  cancelling  signal  amplitude  is  assumed 

to  be  equal  to  the  average,  ( +  ^min^  /^»  •’f'  estimate 

of  A^ ,  say  ,  is  obtained  from  the  equation 


A 


OL, 


I  ^  max 

fo 

I  max 


(2-21) 


In  the  case  of  the  preliminary  measurement  data  discussed 
in  Section  3,  a  more  flexible  and  useful  distribution  model  is 
defined  and  used  to  predict  the  background  improvement  expected. 

Another  means  of  obtaining  a  measure  of  the  effect  of  phase 
accuracy  is  a  direct  comparison  of  the  true  target  cross  section 
and  the  resultant  computed  value  of  the  target  cross  section  in 
the  case  of  a  discrimination  system,  such  as  that  implemented 
under  this  program.  The  computed  value  of  the  cross  section  can 
be  written  as 

!  .  '2 

C’j.  -  j  .  cr^  j  (2-22) 

where  the  subscripts  1  and  2  represent  the  target-plus-background 
and  the  background  alone,  respectively.  If  the  amplitude  error 
is  neglected,  the  subtraction  error  resulting  from  a  phase  meas¬ 
urement  error  (  can  be  written  as 


1  +  r2  -  2  R  cos (02  -  01  +  S) 

e  -  10  log  - - -  (2-23) 

1  +  r2  -  2  R  cos(02  -  01  ) 
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where  =  CJg/  CJ  or  B  Fomulacing  rhe  error  in 

this  manner  will  allow  evaluation  of  the  possible  errors  as  a 
function  of  the  available  data,  i  e  ,  the  cross  section  values 
and  rather  than  and  !f  the  statistical  distri¬ 

butions  of  R  and  (02“^l)  ^t*e  known,  the  expressior  can  be  used 
to  obtain  maximum  error  limits  for  fixed  probabilities  This 
type  of  error  estimation  formulation  is  of  interest  because,  in 
the  case  of  the  techniques  under  consideraticn ,  Or  may  be  of 
the  same  order  as  ^ B  a^d  the  available  measured  cuanticies  will 
be  O'  and  O* g . 

The  above  disci  *' sed  concepts  are  of  value  in  the  general 
case,  system  ef fee tive*'***' evaluation,  cr  error  estimation  of  a 
large  set  of  measurement-  cr  clai?  of  venicies  Also  of  inter¬ 
est  is  the  confidence  level  associated  with  the  results  obtained 
by  using  a  specific  targe’'  and  set  of  parameters  or  results  ob¬ 
tained  in  a  limited  region  of  d^ita.  In  this  sense  an  evaluation 
of  specific  points  by  using  Equation  2-23  is  of  interest  Evi¬ 
dently  the  accuracy  of  the  computed  result  will  be  influenced 
by  the  relative  cross  section  ie.’els  as  well  as  rhe  phase  accu¬ 
racy  or  stability  As  will  be  seen,  c'ne  degree  cc  which  the 
target  can  influence  the  cross  section  of  the  target-vlus -back¬ 
ground  is  significant  and  is  of  course  dene-'der.*^  on  tie  relative 
cross  section  levels  mentio»'ed  above.  The  data  s'nown  in  Figures 
2-11,  2-12,  and  2-13  are  presented  for  use  with  Equation  2-23 
when  the  values  of  R  are  0,  3,  and  6  do  By  using  these  data, 
the  cross  secti.on  and  p’^ase  error  can  be  deter  ul red  by  comparing 
the  data  at  the  points  '  and  (02*  ‘  c.’'  •'he  absissa 

Thus  it  can  be  seen  that  the  sensitivity  jf  the  cempmted  val’ue 
to  phase  measuremert  errors  is  also  dependent  on  the  vicinity  of 
(02-01)  It  is  evident  trat  rtie  influence  ->1  a  pnase  error  is 
minimized  if  the  relative  phase  of  the  target- plus-m^unt  and  the 
mount  only  is  in  the  vicinity  of  180  degrees,  or  if  the  target- 
plus  -mount  and  mount  differ  igni  f  leant  Iv  in  magnitude.  The 
influence  of  a  phase  error  is  small  if  (02-01’  is  ir  the  vicinity 
of  zero  degrees  This  observation  suggests  that  sore  control  over 
the  accuracy  of  the  computed  cress  sectitn  is  possible  if  the 
relative  phase  (02-0i)  can  be  .oritrolled  "^his  ^cntrol  is  pos¬ 
sible  if  the  cross  secticr,  of  the  target  is  suitably  large  rela¬ 
tive  to  the  mount  cross  section  This  relative  cross  section  re¬ 
quirement  has  been  il lus trate-i  indirectly  earlier  in  this  section 
in  terms  of  the  irfluence  of  a  coherent  background  signal  on 
phase  measurement  accuracy  Equation  2-l4  and  Figure  2-8  can  be 
used  to  deduce  the  degree  cf  relative  phase  change  possible  as 
a  function  of  the  target  cross  section  relative  to  that  of  the 
support  system. 
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Fig.  2-11  COMPUTED  CROSS  SECTION  AS  A  FUNCTION 
OF  RELATIVE  PHASE  FOR  A  ZERO  DB 
SIGNAL  RATIO 
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2-12  COMPUTED  CROSS  SECTION  AS  A  FUNCTION  OF 
RELATIVE  PHASE  FOR  A  3  DB  SIGNAL  RATIO 
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Fig.  2-13  COMPUTED  CROSS  SECTION  AS  A  FUNCTION  OF 
RELATIVE  PHASE  FOR  A  6DB  SIGNAL  RATIO 
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SECTION  3 


PRELIMINARY  MEASUREMENT  RESLT-TS 


Prior  to  Implementing  the  discrimination  system  described  in 
Section  4,  tests  were  conducted  to  obtain  a  measure  of  the  feasi* 
bility  of  the  techniques  under  consideration.  As  discussed  in 
Section  2,  equ  ipment  stability  requirements  for  a  cancellation  or 
discrimination  technique  are  dependent  on  the  location  of  the 
reference.  Preliminary  measurements  made  with  RAT  SCAT  equipments 
included  a  limited  number  of  tests  designed  to  provide  data  for 
use  with  a  technique  in  which  use  is  made  of  a  scatterer  in  the 
field  or  a  local  oscillator  to  furnish  a  reference  signal. 

3.1  Column  Stability  and  Target 
Extraction  Tests 


Tests  were  conducted  by  using  a  flat  plate  scatterer  as  a 
reference  in  Band  A  (1.616  gigacycles)  and  Band  6  (6.5  gigacycles). 
The  reference  scatterer  was  located  at  the  target  range.  Data  on 
the  stability  of  the  return  from  a  Styrofoam  column  and  on  the 
utility  of  extracting  target  cross  section  data  was  obtained  from 
these  tests.  The  data  reduction  scheme  used  in  conjunction  with 
these  tests  is  illustrated  in  Figure  3*1.  (It  should  be  noted 
that  all  figures  in  this  section  are  located  at  the  end  of  the 
text.)  A  sphere  was  used  as  a  target  in  these  tests.  The  meas* 
urement  data  consisted  of 


C^(0) 

^C+S 

<Tc+f(0) 

^C+f+s(®) 


cross  section  of  column  as  a  function  of  azi¬ 
muth  angle  0  (subsequent  terms  incorporation 
0  are  also  so  expressed) 

cross  section  of  column-plus- target 

cross  section  of  column- plus -fixed  scatterer 

cross  section  of  column-plus- target-plus- fixed 
scatterer 


O'  £  a  cross  section  of  fixed  scatterer  and  is  assumed 
to  be  constant  during  the  experiment. 


Other  terms  of  interest  are 

0^(0)  ■  relative  phase  between  1  0'c(9)  and  IjCT^  expressed 

as  a  function  of  azimuth  angle  0. 
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relative  phase  between 

expressed  as  a  function  of  aziauth  angle  0 

0f  -  phase  of  If^f  (arbitrarily  defined  to  be  cons¬ 
tant  during  the  experinent). 

The  relationships  a8Soclati.ng  the  above  amplitude  parameters  are 

ac+f(0)  -  <Jr  W  ^  ^  2  I  <J^(0)  cos  0c (0) 

0-1) 

and 

^c-^s+f<®>  •  ^c-^siO;  "‘^f  +  2ja.^^,9)af  CCS  0c^s-O> 

(3-2) 

From  the  Relations  3-1  and  3-2,  along  with  the  amplitudes  listed 
earlier,  the  relative  phase  angles,  0c  (®*  0c+s(®)>  can  be 

determined  to  within  an  ambiguity  of  sign.  The  broken  line  phas- 
ors  on  Figure  3-1  are  included  to  illustrate  the  single  ambiguity 
in  the  magnitude  of  the  target  cross  section  In  the  case  of 
the  experiment  presently  being  considered,  the  ambiguity  of  angle 
sign  Is  not  an  iapcrtant  factor  since  phase  stability  is  of 
primary  concern. 

To  make  general  use  of  this  technique,  additional  informa¬ 
tion  is  needed  in  order  to  resolve  the  sign  ambiguity  inhere-ist 
in  Equations  3-1  and  3-2  One  method  for  resolving  the  sign 
ambiguity  is  based  on  the  assumption  that  the  fixed  scatterer 
can  be  shifted  by  11/2  degrees  Then,  if  is  chosen  to 

represent  the  cross  section  of  the  fixed  scatterer  when  it  is 
shifted  by7T/2,  and  Crc-*-f'(6',  the  cross  section  of  the  column- 
plus-scatterer ,  a  relationship  similar  to  Equation  3-1  is  ob¬ 
tained.  This  relationship  is  denoted  by  Equation  3-3 


C^c+f’(9)  “  <^c(0)  +2^Cc(9^0f  cos  ^0ciO)  -rr/2) 

'.3-3) 

Since  cos  (0^(9)  -  0s  -7t’/2)  is  equivalent  to  *510(00  (91  -  0g  J , 
Equation  3-4  can  be  written  as 

O"c+f’(0)  -  CciO}  +  (Jf  ^  -  2  1  Crc^9)  Gf  sip  0c  (,9:  (i-u) 
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By  using  Equations  3-1  and  3- A,  the  correct  value  of  0c (®)  can 
be  determined. 

Also,  the  ambiguity  of  sign  can  be  resolved  in  this  partic¬ 
ular  experiment  by  assuming  that  the  amplitude  of  the  target  is 
the  amplitude  obtained  from  the  Mie  curve.  The  means  selected 
to  resolve  the  ambiguity  consisted  of  comparing  the  computed  cross 
section  of  multiple  runs  on  the  column-plus- target ,  for  example. 
The  value  for  which  the  smallest  difference  was  noted  was  selected 
as  the  true  value.  This  procedure  resulted  in  the  selection  of 
values  much  different  from  the  theoretical  sphere  cross  section 
in  many  cases,  but  a  completely  arbitrary  selction  of  values  was 
avoided.  An  IBM  7090  computer  program  was  prepared  and  used  to 
obtain  values  of  CTg,  Cg,  0c »  and  0c4s‘ 

Typical  data  obtained  at  1.616  gigacycles  are  shown  in  Fig¬ 
ures  3-2  through  3-6.  The  target  for  this  test  series  was  a 
7/8- inch  diameter  sphere  with  a  theoretical  radar  cross  section 
of  -A1.7  dbsm.  Measurements  were  made  with  the  sphere  near  the 
center  of  rotation  and  also  offset  about  A  inches.  The  measured 
cross  section  of  the  fixed  reference  scatterer  was  -35.7  dbsm. 

Only  horizontal  polarization  was  used  in  making  measurements  at 
this  frequency. 

The  phase  stability  data  obtained  from  this  series  of  tests 
is  shown  in  Figures  3-7  through  3-9  in  the  form  of  the  cumula¬ 
tive  density  distribution  of  phase  change.  The  phase  change  data 
was  obtained  by  comparing,  at  the  appropriate  azimuth  position, 
the  computed  phase  results  obtained  from  different  sets  of  data. 
The  measurements  data  was  obtained  over  a  period  of  3.3  hours. 

The  background  improvement  criteria  (or  measure  of  system 
performance)  discussed  in  Section  2  can  be  used  in  interpreting 
the  significance  of  these  experimental  results.  As  developed 
for  the  discussion  of  Section  2,  background  reduction  in  terms 
of  relative  cross  section  is  defined  (see  Equation  2-9): 

Cj.  -  (1  -oc)2  sin2  (-^)  (3-5) 

where 

2 

oo  «  ratio  of  background  cross  section  to  cancellation  sig¬ 
nal  cross  section 

A0  “  phase  difference  between  background  signal  and  cancel¬ 
lation  signal 
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ratio  of  the  croas  section  of  the  background  after 
cancellation  to  the  cross  section  of  the  background 
before  cancellation 


As  in  the  previous  discussions,  -10  Log  cTj.  v/ill  be  referred  to 
as  background  improvement 


In  the  previous  analysis,  backgroun'i  improvement  was  esti¬ 
mated  in  one  case  under  the  assumption  that  A  0  was  uniformly 
distributed  about  zero  and  in  a  second  :,ase  under  the  assumption 
that  A0  was  distributed  normally  about  zero  However,  inspection 
of  the  cumulative  distributions  shewn  in  Figures  3-7  through  3-9 
indicates  that  tne  density  of  A  0  might  be  approximated  more  ex¬ 
actly  by  use  of  the  density  expression 


P  fX) 


1  - 


e 


-X8 


0  ^  X  ^  X 

■00  <  g  <  oo 


-  0,  0.  W. 

where 

X  •  random  variable  !AC! 

X  ■  upper  bound  on  jAO-  as  indicared  bv  t‘'e  cumulative 
distribution 


6  ■  density  parameter  used  to  approximate  tne  slope  of  the 
cumulative  distribution. 


It  is  noted  that  the  density  given  in  Equation  3-6  is  reduced 
to  a  uniform  distribution  wnen  S  0,  furthermore,  the  density 
becomes  the  other  disrr ibur.icnal  extreme  (i  e  ,  the  impulse  dis¬ 
tribution)  when  ^  ■  oo  Hence,  in  the  present  analysis,  an  ex¬ 

pression  for  the  probability  of  a  given  background  improvement 
will  be  obtained  subject  only  to  the  condition  chat  the  density 
given  in  Equation  3-7  may  be  used  to  describe  the  absolute  phase 
difference  between  the  artual  background  signal  and  me  recorded 
background  signal  In  the  present  analysis,  the  value  of  X  will 
be  taken  as  unity  because  (1;  the  discrimination  system  imple¬ 
mented  at  RAT  SCAT  varies  the  amplitude  ct  the  ranceliaticn  sig¬ 
nal  as  a  function  of  azimuth  by  using  the  recorded  cross  section 
level  of  the  background  and  2;  on  the  basis  of  experimental 
evidence,  the  amplitude  of  the  backgrcun:f  is  relative  stable  with 
the  exception  cf  a  small  bias  which  results  from  calibration 
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error-  The  (1  -CC)^  term  in  Equation  3-5  may  be  evaluated  to 
illustrate  the  influence  of  a  0.5-db  shift  in  level  between  the 
recorded  background  and  the  actual  background  (from  which  the  re¬ 
corded  background  is  subtracted) . 

Under  the  specified  conditions,  evaluation  of  the  term  shows 
that  the  background  improvement  is  bounded  by  ^  24  db  as  a  result 
of  amplitude  drift.  In  terms  of  phase  difference,  a  background 
improvement  on  the  order  of  24  db  corresponds  to  a  phase  change 
of;x^3.5  degrees.  The  above  illustration,  plus  accumulated  sta¬ 
tistics  on  environmental  phase  stability,  serves  to  indicate  that 
the  phase  term  of  Equation  3-5  will  be  the  controlling  factor  on 
the  amount  of  background  improvement  which  may  be  expected.  How¬ 
ever,  because  of  the  limitations  imposed  by  the  random  variable 
07,  a  skeptical  view  should  be  taken  of  improvements  resulting 
from  the  present  analysis  if  the  improvements  cited  are  much 
greater  than  20  db  a  large  percent  of  the  time.  By  letting  07  be 
unity  in  Equation  3-5,  the  normalized  background  may  be  written 
as 


-  A  sin^  ,  -TT  1  0  <  TT  <3-7) 

The  probability  relationship  between  (Jr  and  |A0l  is 
0  <  ^ 


ro 


ro 


Pr 


0  <  |A0|<  2  sin-1  ^ 


(3-8) 


By  using  Equation  3-8  and  Equation  3-6  (which  gives  the  dis¬ 
tribution  of  I A  01  ),  the  background  improvement  -10  log  (Tj-q 

may  be  obtained  in  terms  of  ,  8  ,  and  |A0|.  If  backgrovmd 


ro 


improvement  is  denoted  by  BI,  and  if  P^  ^  then  the  expres¬ 
sion  of  interest  is  given  by 


BI  =  -6-10  log  sin" 


_1_  .  \ 

28 


In  (e  -1)^  +  1 


(3-9) 


where 


-  Pr 

BIq  <  oo 

- 

—  _ 

r  =  Pr 

Note  that,  when  is  unity,  i.e.,  when  the  background  improve¬ 
ment  is  greater  than  -10  log  (7^^  100  per  cent  of  the  time,  the 
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Expression  3-9  is  reduced  Ko  the  "worst  case"  expression  given 

by  Expression  3-7  when  I  A  0  i  is  r enlaced  with  the  maximum  phase 

deviation  X,  Also,  if  6  ■  0  in  Expression  3-9,  the  expression 
obtained  is  equal  to  the  expression  obrainei  in  the  previous 
analysis  for  a  uniform  distribution.  On  the  basis  of  the  statis¬ 
tics  obtained  at  RAT  SCAT,  however,  the  Expression  3-9  indicates 
a  significant  increase  in  background  improvemenr  over  the  im¬ 
provement  predicted  in  the  earlier  analysis.  The  difference  be¬ 
tween  the  two  estimates  is  due  to  the  concentration  '^f  the  phase 
difference  about  zero  rather  than  being  aue  to  a  more  uniform 
distribution,  such  as  that  anticipated  before  experimental  evi¬ 
dence  was  obtained. 

The  graph  of  the  relacitnsrip  illustrated  in  Equation  3-9 
is  shown  in  Figures  3-10  a-.d  3-11  fcr  ^  •  0  95  as  a  function  of 
S  and  X.  Also,  the  "worst  case"  curve  of  1  is  plotted  In  _ 
each  of  the  two  figures  T~  obtain  tne  curves  in  Figure  3-10,  X 
is  presented  as  the  abcissa,  X  values  range  between  3  and  90  de¬ 
grees,  while  S  is  allowed  the  val-ies  ‘30/57.3  and  -60 -37 '3.  To 
obtain  the  curves  shown  in  Figure  3- 1 1 ,  S  was  allowed  to  vary 
between  0  and  -100/^7  5  for  each  of  the  X  values  between  10  and 
20  degrees 


Table  3-1  contain^,  a  list  of  values  tor  o  and  X  evaluated 
from  the  phase  stability  curves  cbtained  from  the  experimental 
data  The  va: 
determined  cut 
approx  iisa  cion 

<  »  1/2 
a  comparison 


X  was 

cbt 

airec 

bv 

extending 

'e  cci  '. 

•■e  t 

c  zeio 

by 

r  he 

use  o 

V  1  u  ; 

cf 

b  wa? 

dot 

era-ined  by 

itrovgu 

Che 

point 

Pr 

0 

curve’ 

:  jVirt  )  n 

Fi 

gur  e 

j"  1 2 , 

may  be  made  between  the  rtodei  cumuiar.  Lve  and  an  experimentally 
determined  cumuJative  by  the  use  of  the  above  techrsi'^ue  for  cb- 
taining  X  and  ^ 


On  the  basis  of  rhc  previous  analysis  and  on  the  basis  of  the 
experimental  data  obtained  at  RA'"  SCAT,  a  significant  background 
improvement  was  expected  through  tre  use  of  the  Band  4  data  dis¬ 
crimination  sysfeos.  By  "a  s  igni  f  icar.t  'improvensent ,  "  it  is  meant 
that,  an  impravemert  of  10  to  20  db  tuav  be  expected  95  per  cent 
of  the  time  ft  shcuid  be  borne  in  mind  that  the  experimental 
data  was  obtairsed  by  rjeans  of  a  technique  whereby  problems  caused 
by  freqsiency  drift  were  eliminated,  furthermore,  small  targets  were 
used  in  ihe  exper i.Ktents ,  and  heir  use  tended  to  minimize  the 
spaci.ai  roovemenr  of  the  column  compared  to  the  Tsovevjent  of  the 
Larger  targets 
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Table  3-1  MODEL  PHASE  DISTRIBUTION  PARAMETERS 


■ -  - -  1 

X 

CO 

Column 

32 

-5.2A 

Column-Plus-Offset  Sphere 

13 

-21.2 

The  results  of  the  effort  to  extract  the  radar  cross  section 
of  the  sphere  target  are  shown  In  Figures  3-13  through  3-16.  Fig¬ 
ures  3-13  and  3-lA  were  prepared  by  super iaposing  coaputed  sphere 
cross  section  data  and  the  theoretical  cross  section  data  on  the 
measured  column-plus-sphere  trace  for  the  centered  and  off-center 
sphere  cases.  The  improved  accuracy  in  the  determination  of  the 
sphere  cross  section  is  evident  from  an  examination  of  these  data. 
The  cumulative  distribution  of  error  in  the  computed  cross  sec¬ 
tion  is  shown  in  Figures  3-15  and  3-16.  It  will  be  noted  that 
the  90  percentile  error  for  the  centered  sphere  case  is  near  the 
1-db  accuracy  specification  for  RAT  SCAT  measurements.  The  error 
expression  form  used  in  this  calculation  was 

-  10  log 

An  almost  identical  effort  to  that  described  above  was  com¬ 
pleted  at  Band  6  (6.5  gigacycles).  In  this  band,  the  target  was 
a  1- inch-diameter  sphere  with  a  theoretical  cross  section  of 
-38.35  dbsm.  Typical  data  runs  for  this  series  are  shown  in 
Figures  3-17  through  3-20.  The  reference  scatterer  cross  section 
was  -36.8  dbsm. 

Results  of  phase  calculations  for  the  column  are  shown  in 
Figures  3-21  and  3-22;  data  for  horizontal  and  vertical  polari¬ 
zation  are  presented.  These  data  are  superimposed  on  typical 
analog  cross  section  plots  of  the  column  cross  section.  The  re¬ 
sults  of  two  phase  computations  are  shown.  The  data  points  were 
selected  from  data  maxima  and  minima  which  differed  by  at  least 
10  degrees.  One  set  of  data  points  is  connected  with  a  straight 
line  to  aid  in  visualizing  the  phase  variation.  The  gaps  in  the 
phase  data  are  attributable  to  missing  tape  data  points  and/or 
an  impossible  solution  in  the  computer  output.  These  data  indi¬ 
cate  that  the  phase  variation  of  the  Styrofoam  column  was  not 
extensive.  It  should  be  noted  that  the  relative  variation  in 
phase  may  be  positive  or  negative  so  that  the  total  excursion 
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lav  be  tvice  the  maxiaiain  values  cbtaired.  Although  the  more 
random  components  tend  to  cbscure  the  exact  locacio»'  of  Che  max¬ 
ima  and  minima,  an  examination  of  these  data  suggests  the  pres¬ 
ence  of  discrete  scatterers  cf  significant  cross  section  within 
the  column i  the  presence  of  the  scatterers  is  evidenced  by  the 
phase  maxima  ^ or  minima)  data  that  appears  to  reoccur  at  approxi¬ 
mately  a  i80-degree  azimuth  shift  The  scatterer  phenomena  may 
be  interpreted  to  suggest  the  possibility  of  reducing  tne  phase 
variation  by  carefully  locating  the  axis  of  the  column  relative 
CO  the  axis  Df  rotation  The  phase  variation  of  the  returns 
from  the  column  is  shcvn  in  a  different  form  in  Figures  3-23  and 
3-24  Although  tbi>  phase  inrcrmation  is  relative,  the  data 
presented  has  not  been  adjusted,  i  e  ,  the  angles  shown  are  the 
actual  angles  calculated  b.  >  -e  of  the  computer  program,  and  they 
are  relative  to  the  fixed  scarterer. 

A  measure  of  the  phase  shirt  of  the  column  is  shown  in  Fig¬ 
ures  3-25  and  3-26.  In  the  case  of  these  data,  the  phase  of  the 
column  was  compared  at  each  azi^ruth  point  available  1  degree) 
by  using  the  first  data  run  as  a  r<  lerence  The  variable  for 
these  data  was  the  column- plus- fixed  scatterer  data  rur^s  In 
these  figures,  the  separate  urves  describe  data  run%  made  ap¬ 
proximately  20  minutes  apart  In  one  case,  the  data  obtained 
for  the  longest  time  period  fell  within  data  for  shcr'^er  time 
periods . 

A  comparison  of  the  Band  4  and  Band  6  phase  stability  data 
suggests  only  a  slight  degradation  in  the  performance  of  a  dis¬ 
crimination  system  in  Band  6  relative  to  Band  4.  Consideration 
of  the  success  in  reducing  the  effective  background  with  the 
Band  4  discrimination  system  « subsequnetl v  treated  in  Section  5) 
relative  to  the  fixed  scacrerer  reference  results  indicates  that 
a  definite  gain  can  be  realized  with  such  a  discrimination  system 
at  Band  6  frequencies.  However,  the  presently  unresolved  problem 
of  a  phase  instability  external  tc  the  electronic  equipment, 
discussed  in  Section  3,  mav  profoundly  influence  the  utility  of 
such  a  Band  6  system.  It  appears  that  further  testing  is  neces¬ 
sary  to  insure  a  reasonable  degree  cf  success  at  these  higher 
frequencies . 

The  probable  success  a  system  operating  in  Band  6  is  sup¬ 
ported  by  the  results  of  the  sphere  target  extraction  for  this 
band.  Examples  of  the  results  cf  sphere  cross  section  extraction 
are  shown  in  Figures  3-27  through  3-30  In  the  case  of  both 
horizon*:al  and  vertical  polar izatior ,  the  computer  sphere  cross 
section  values  are  superimposed  on  rectilinear  analog  olots  of 
the  measured  radar  cross  section  of  the  column-plus ■ ot fset  sphere. 
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The  computed  data  points  were  selected  at  3-degree  Increments. 

The  blank  spaces  resulted  from  computer  error  code  output.  The 
theoretical  cross  section  of  the  sphere  (-38.35  dbsm)  is  also 
shown  in  the  figures . 

The  cross  section  of  the  column  selected  for  this  test  was 
on  the  order  of  10  db  below  the  sphere  so  that  the  error  intro¬ 
duced  in  the  measurement  by  the  column  was  generally  small;  as  a 
result,  a  large  error  reduction  is  not  to  be  expected.  Examina¬ 
tion  of  these  data  and  the  cumulative  error  distributions  shown 
in  Figures  3-31  and  3-34  shows  this  to  be  the  case.  However, 
the  improvement  in  background  is  significant  in  view  of  the  orig¬ 
inal  background  and  the  equivalent  background  required  to  produce 
the  reduced  error.  Aside  from  the  unknown  errors  associated 
with  coupling  between  the  various  scatterers,  several  factors  can 
influence  the  accuracy  of  the  computed  results.  Two  of  these  in¬ 
fluencing  factors  can  be  identified  as  the  proper  resolution  of 
the  previously  mentioned  sphere  cross  section  ambiguity  and  the 
phase  variation  in  the  return  from  the  various  scatterers.  Much 
better  results  could  have  been  obtained  if  a  selection  had  been 
based  on  the  computed  values  nearest  the  known  theoretical  values. 
Since  the  column  return  was  small,  the  difference  between  the 
correct  value  and  the  ambiguity  of  both  the  centered  and  offset 
sphere  was  small,  and  as  a  consequence,  small  errors  could  to  a 
large  extent  influence  the  selection  of  values.  The  effect  of 
phase  stability  or  phase  variations  on  the  background  reduction 
which  can  be  realized  has  been  discussed  previously. 

3.2  Transmitter  System  Stability  Test 

A  test  system  used  to  obtain  a  measure  of  the  phase  stability 
of  the  Band  4  driver  and  power  TWT  amplifiers  is  shown  in  Fig¬ 
ure  3-35.  The  cross-hatched  blocks  denote  additional  components 
required  for  the  test.  The  test  effort  was  concentrated  on  the 
stability  of  the  driver  TWT  and  the  power  amplifier  since  these 
components  are  driven  by  use  of  a  very  stable  signal  obtained 
from  the  phase  measurement  system.  Tests  were  also  conducted 
with  the  driver  TWT  and  PA  components  out  of  the  system  in  order 
to  evaluate  the  instrumentation  system  which  included  the  Band 
4  receiver. 

During  these  tests,  an  effort  was  made  to  obtain  the  clear¬ 
est  spectrum  possible  from  the  auxiliary  TWT  amplifier  used  for 
the  experiment  and  from  the  power  amplifier  TWT.  The  pulse  from 
the  power  amplifier  was  adjusted  so  that  it  was  somewhat  shorter 
in  length  than  the  pulse  from  the  auxiliary  TWT  and  was  within 
the  TWT  pulse  on  the  basis  of  the  time  relationship.  The  range 
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gate  was  adjusted  to  be  shorter  in  length  than  the  power  ampli¬ 
fier  pulse  and  v/ithin  this  pulse.  For  the  data  shown,  the  selec¬ 
ted  signal  lengths  were  2,  1,  and  0.1  microseconds  The  power 
amplifier  pulse  length  of  1  microsecond  was  finally  selected  be¬ 
cause  the  spectrum  for  this  pulse  length  was  considerably  cleaner. 
Satisfactory  results  were  obtained  at  a  pulse  length  as  short  as 
0.2  microsecond.  The  signals  to  be  cancelled  were  both  directed 
into  the  receiver  so  that  an  analog  record  could  readily  be  made 
of  the  results  and  so  that  the  range  gate  could  be  used  to  sample 
the  signals  over  the  same  time  interval. 

For  these  tests,  tne  recorder  was  operated  in  the  manual 
mode  with  the  speed  adnisted  downward  to  the  slowest  operable 
level  The  recorder  speed  was  not  constant,  and  the  recorder 
occasionally  stopped  so  that  it  was  periodically  necessary  to 
mark  time  on  the  record  to  provide  an  approximate  time  base.  The 
majority  of  the  data  runs  were  made  at  a  frequency  of  1.0  giga- 
cycle.  A  few  brief  checks  were  made  at  frequencies  of  1.2  and 
1.6  gigacycles  demonstrate  stability  that  could  be  achieved 
at  more  rhsn  one  poir  .  No  aigrifirant  variations  in  stability 
were  noted  at  ti.c  Jifiejenc  operating  frequencies 

Shown  in  Figures  3-36  and  3-37  are  examples  of  the  results 
obtained  in  tests  conducted  by  bypassing  the  transmitter  TWT 
amplifiers.  These  tests  were  conducted  to  verify  the  fact  that 
the  instrumentation  system  was  adequate  to  obtain  meaningful 
measurements  The  two  sigi'al  levels  were  initially  adjusted  to 
produce  a  signal  level  at  the  point  marked  20  db;  a  20* db  pad 
was  introduced  into  the  system  so  rhat  an  actual  zero-cb  level 
was  displayed  The  cancellation  level  achieved  was  on  the  order 
of  10  to  20  db  below  the  level  achieved  for  the  overall  trans¬ 
mitter  system 

The  flat  spots  on  the  traces  result  from  intermediate  system 
checks  made  without  readjusting  system  parameters  The  primary 
instability  effect  observed  is  Illustrated  in  Figure  3-37  This 
effect  marked  the  onset  of  a  large  system  transient  which  intro¬ 
duced  a  significant  phase  shift  into  the  test  system;  this  shift 
was  due  to  a  large  frequency  shift  or  a  change  in  the  operating 
parameters  of  the  auxiliary  TWT  amplifier.  Because  there  was  a 
shortage  of  *;ime  for  conducting  these  rests,  the  exact  source 
and  nature  of  this  shift  was  not  determined;  consequently,  no 
long-term  stability  measurements  were  obtained  The  primary  in¬ 
stability  effect  apparently  was  initiated  by  power  line  trans¬ 
ients.  In  every  case,  a  good  null  could  be  realized  bv  readjust¬ 
ing  the  phase  shifter  The  cancellation  level  achieved  in  this 
measurement  appeared  to  be  a  limit  in  the  sense  that  the  resulting 
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noise  level  appeared  to  be  essentially  incoherent.  This  noise 
level  was  evident  on  the  null  of  the  CRT  monitor  display. 

Example  results  of  the  tests  conducted  by  use  of  the  overall 
system  are  shown  in  Figures  3-38  and  3-39.  In  each  of  these  fig¬ 
ures  is  shown  the  occurrence  of  a  transient  which  stopped  the 
data  runs.  The  trace  on  Figure  3-38  was  the  best  example  ob¬ 
tained.  For  this  test  it  appeared  that  a  noise  level  which  had 
been  reached  was  caused  by  spurij*us  phase  modulation  of  the  sys¬ 
tem  TWT  amplifiers.  This  noise  level  is  probably  at  a  minimum 
because  of  the  use  of  regulated  power  supplies  in  the  RAT  SCAT 
equipment.  No  phase  sensitivity  tests  have  been  performed  on  the 
TVh'  amplifier  used  in  these  tests,  but  data  on  other  tubes  indi¬ 
cate  that  it  is  possible  to  cause  large  phase  shift  variations 
by  small  changes  in  the  electrode  voltages.  The  phase  shift  re¬ 
quired  to  cause  the  step  in  the  trace  on  Figure  3-37  is  almost 
equal  to  the  shift  required  to  cause  the  step  in  Figure  3-39. 

The  signal  level  check  record  shown  on  Figrire  3-33  can  be  used 
to  demonstrate  that  the  relative  level  change  is  insufr..ci9nt  to 
cause  the  cancellation  level  change  observed. 

To  determine  the  relative  phase  of  two  equal  amplitude  sig¬ 
nals  at  a  given  cancellation  level,  the  expressions  developed  in 
Section  2  can  be  used.  For  a  high  degree  of  cancellation,  the 
phase  accuracy  required,  A0,  is  given  by 


A0 


A  curve  of  this  relation  is  shown  in  Figure  2-8  of  Section  2. 
Except  for  the  large  transient  phase  change  revealed,  the  phase 
stability  of  the  transmitter  appeared  suitable  for  the  phase 
measurement  capability,  which  included  frequency  stabilization, 
a  similar  transient  phase  change  reportedly  occurred;  conse¬ 
quently,  a  loop  had  to  be  incorporated  in  order  to  phase- lock 
the  signal  at  the  power  amplifier  output. 
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Fig.  3-2  SPHERE  COLUMN  SUPPORT  SCATTERING  DIAGRAM 
AT  1,616  GC  -  HORIZONTAL  POLARIZATION 


COLUMN  AT  1.616  GC  -  HORIZONTAL  POLARIZATION 
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Fig.  3-4  SCATTERING  DIAGRAM  FOR  COLUMN-PLUS -OFFSET 

SPHERE  AT  1.616  GC  -  HORIZONTAL  POLARIZATION 
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Fig.  3-6  SCATTERING  DIAGRAM  FOR  COLUMN -PLUS -REFERENCE 

SCATTERER  AT  1.616  GC  -  HORIZONTAL  POLARIZATION 
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.616  GC  -  HORIZONTAL  POLARIZATION 
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CUMULATIVE  DISTRIBUTION  OF  PHASE  STABILITY  FOR  COLUMN- PLUS -OFFSET  SPHERE 
AT  1.616  GC  -  HORIZONTAL  POLARIZATION 


50 


Fig.  3-11  BACKGROUND  IMPROVEMENT  AS  A  FUNCTION  OF  DISTRIBUTION  PARAMETERS 
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Fig.  3-12  COMPARISON  OF  EXPERIMENTAL  .  ND  MODEL  CUMULATIVE 
DISTRIBUTIONS 


FROJECJ, 


WITH  MEASURED  COLUMN-PLUS -CENTERED  SPHERE 

CROSS  SECTION  AT  1.616  GC  -  HORIZONTAL  POLARIZATION 


Fig,  3-1,4  COMPARISON  OF  COMPUTED  SPHERE  CROSS  SECTION 
WITH  MEASURED  COLUMN -PLUS -OFFSET  SPHERE  DATA 
AT  1.616  GC  -  HORIZONTAL  POLARIZATION 
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Fig,  3-18  SCATTERING  DIAGRAM  FOR  OFFSET  SPHERE -PLUS - 
COLUMN  AT  6.5  GC  -  HORIZONTAL  POLARIZATION 


Figo  3-20  SCATTERING  DIAGRAM  FOR  COLUMN-PLUS -REFERENCE 
SCATTERER  AT  6.5  GC  -  HORIZONTAL  POLARIZATION 


VERTICAL  POLARIZATION 
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Fig.  3-23  CUMULATIVE  PROBABILITY  DENSITY  OF  COLUMN  PHASE  AT  6.5  GC  -  HORIZONTAL 
POLARIZATION 


Fig.  3-25  CUMULATIVE  PROBABILIPi'  DENSITY 

OF  STYROFOAM  COLUMN  PHASE  CHANGE 
AT  6  5  Gc  -  HORIZONTAL  POURIZATION 
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Fig.  3-28  COMPARISON  OF  COMPUTED  SPHERE  CROSS  SECTION 
WITH  MEASURED  COLUMN -PLUS -SPHERE  CROSS 
SECTION  AT  6.5  GC  -  VERTICAL  POLARIZATION 


TRANSFER  STANDARD 


WITH  MEASURED  COLUMN -PLUS -OFFSET  SPHERE  CROSS 
SECTION  AT  6.5  GC  -  HORIZONTAL  POLARIZATION 


Fig.  3-30  COMPARISON  OF  COMPOTED  SPHERE  CROSS  SECTION 

WITH  MEASURED  COLUMN-PLUS-OFFSET  SPHERE  CROSS 
SECTION  AT  6.5  GC  -  VERTICAL  POLARIZATION 
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Fig.  3-31  CUMULATIVE  PROBABIl.LTY  DENSITY  OF  ERROR  FOR  CENTERED 
SPHERE  AT  6,5  GC  -  HORIZONTAL  POLARIZATION 
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-32  CUMULATIVE  PROBABILITY  DENSITY  OF  ERROR  FOR  CENTERED 
SPHERE  AT  6.5  GC  -  VERTICAL  POLARIZATION 


HORIZONTAL  POLARIZATION 
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VERTICAL  POLARIZATION 
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Fig.  3-35  TRANSMITTER  PHASE  STABILITY  TEST  SYSTEM 


Fig.  3-36  TRANSMITTER  PHASE  STABILITY  INSTRUMENTATION  TEST  RESULTS 


Fig,  3-38  TRANSMITTER  PHASE  STABILITY  TEST  RESULTS 
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-39  TRANSMITTER  PHASE  STABILITY  TEST  RESULTS 


SECTION  4 


DISCPIMINATION  SYSTEM 


This  section  contains  a  description  of  the  discrimination 
system  Implemented  at  the  RAT  SCAT  slteo  This  system  Is  operated 
In  conjunction  with  the  normal  Band  4  RAT  SCAT  equipment  comple¬ 
ment  to  extract  target  data  from  measurements  made  In  the  pres¬ 
ence  of  an  extraneous  coherent  signals  The  theoretical  basis  for 
the  Implementation  and  operation  of  this  discrimination  system 
configuration  Is  that  target  data  can  be  analytically  extracted 
by  using  a  radar  cross  section  and  phase  measurement  of  the 
target- plus -background  and  of  the  background  signal  alone o 

The  basic  operations  associated  with  the  use  of  the  discrimi¬ 
nation  system  Include  (1)  measurement  of  the  phase  and  cross  sec¬ 
tion  of  the  two  signals  of  Interest »  (2)  Insertion  of  this  Inform¬ 
ation  Into  the  data  extraction  subsystem,  (3)  performance  of  the 
required  computations,  and  (4)  production  of  the  final  output 
data  In  the  proper  form. 

This  system  was  used  to  extract  radar  cross  section  data  by 
the  measurement  of  a  number  of  spheres  and  a  sphere-cone  as  tar¬ 
gets.  The  basic  discrimination  system  components  required  In 
addition  to  the  radar  cross  section  measurements  are  Included  In 
two  subsystems:  phase  measurement  and  target  data  extraction. 

The  Aerosys terns  Laboratory  at  GD/FW  designed  and  fabricated  the 
phase  measurement  subsystem  equipments.  A  brief  description  of 
the  system  components  and  operation  appear  in  the  following  sub¬ 
sections.  A  more  detailed  description  can  be  found  in  References 
5  through  8. 


4.1  Phase  Measurement  Subsystem 

The  phase  measurement  subsystem  is  essentially  separate  from 
the  discrimination  system  in  the  sense  that  a  specific  capability 
Is  provided  through  the  Implementation  of  the  associated  equip¬ 
ments.  With  these  equipments  and  the  present  RAT  SCAT  Band  4 
equipment  complement,  both  the  phase  and  the  radar  cross  section 
of  the  return  from  a  target  can  be  measured  and  recorded. 

Components  of  this  subsystem  Include  one  console  of  phase 
measurement  equipment  and  a  console  of  transmitter  frequency 
stabilization  equipment;  In  addition,  equipment  In  the  present 
Band  4  receiver  and  control  console  number  3  was  modified  to  pro¬ 
vide  certain  required  functions  and  the  overall  integration 
necessary  for  operation. 
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4.1.1  Phase  Measureaent 


A  block  diagram  of  the  phase  measurement  tie-in  with  the  RAT 
SCAT  cross  section  measurement  equipment  is  shown  in  Figure  4-1. 
The  cross-hatched  blocks  represent  the  additional  major  compon¬ 
ents  required  for  phase  measurement. 

Required  inputs  consist  of  a  range-gated  IF  signal  and  an 
IF  signal  which  is  phase  coherent  with  the  transmitted  signal. 

This  coherent  signal  is  first  processed  by  the  phase  measuring 
phase  shifter  and  is  then  fed  into  the  IF  amplifier  system  and 
used  as  the  reference  signal  for  phase  as  well  as  for  the  sigma 
servo  system.  Sufficient  delay  is  provided  to  prevent  mixture 
with  a  received  signal.  'Ise  of  the  signal  and  the  particulars 
of  operation  are  the  same  for  cross  section  measurement  as  those 
when  phase  measurement  is  not  used.  The  amplitude  difference  be¬ 
tween  the  reference  and  received  signal  is  detected  and  used  to 
position  the  sigma  shaft  which  is  an  analog  representation  of  the 
cross  section  level  of  the  received  signal.  The  phase  difference 
between  the  received  IF  signal  and  the  reference  signal  is  de¬ 
tected  and  used  to  drive  the  phase  servo  motor  which  drives  the 
phase  shifter  in  a  direction  so  as  to  reduce  or  minimize  the  dif¬ 
ference  in  phase.  Thus  the  position  of  the  phase  servo  shaft  is 
an  analog  representation  of  the  phase  shift  of  the  received  sig¬ 
nal.  A  potentiometer  for  the  analog  signal  and  a  shaft  encoder 
for  digital  signals  tc  the  RAT  SCAT  paper  tape  punch  and  the 
target  data  extraction  system  digital  signals  are  attached  to  the 
sigma  and  phase  shafts 

The  differential  phase  shifter  is  included  to  provide  a 
means  of  controlling  the  phase  of  the  reference  signal  from  the 
front  panel  for  calibration  or  diagnostic  purposes  A  control 
-ntl  the  appropriate  equipment  are  provided  for  returning  the 
radar  system  to  normal  operation  (no  phase  measurement). 

4.1.2  Frequency  Stabilization 

Provision  for  frequency  stabilization  is  necessary  to  pre¬ 
clude  the  introduction  of  large  phase  errors  which  can  be  caused 
by  frequency  changes.  This  requirement  exists  because  of  the 
large  path  length  difference  between  the  signal  of  interest  and 
the  reference  signal  and  because  the  phase  information  must  be 
preserved  through  the  receiver  mixer  Frequency  stabilization  is 
accomplished  by  phase 'locking  the  appropriate  radar  system  signals 
to  a  signal  generated  by  a  very  stable  crystal  oscillator  or  a 
frequency  synthesizer.  The  frequency  stabilization  components 
provide  a  stable  signal  which  is  directed  to  the  transmitter 

30 


TRANSMITTING  RECEIVING 
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Fig.  4-1  BASIC  MEASUREMENT  SYSTEM 


driver  aaplifier,  the  60-iBegacycle  CW  coherent  reference  signal 
which  is  directed  to  the  phase  measurement  console,  and  an  error 
signal  which  is  used  to  control  the  frequency  of  the  receiver 
local  oscillator.  A  frequency  synthesizer  is  employed  to  provide 
a  stable  reference  input  to  a  frequency  synchronizer.  The  fre¬ 
quency  synchronizer  is  used  to  provide  an  error  signal  to  the  re¬ 
ceiver  local  oscillator  to  control  the  oscillator  frequency.  The 
60-megacycle  coherent  signal  Is  also  derived  from  the  frequency 
synchronizer . 

The  receiver  local  oscillator  signal  and  the  60-megacycle 
reference  signal  are  ;ised  to  derive  the  signal  for  the  transmit¬ 
ter  driver.  Since  the  trai^mitter  and  local  oscillator  signal 
must  differ  by  the  amount  of  the  Intenredlate  frequency,  this 
signal  is  "side-stepped"  In  order  to  provide  the  difference 
frequency.  The  frequency  thus  established  becomes  the  transmitted 
frequency  after  amplification  in  the  transmitter  system.  The  de¬ 
sign  objective  for  stabilitv  was  one  part  in  10®. 

A. 2  Target  Data  Extraction  Subsystem 

The  basic  components  of  the  target  data  extraction  subsystem 
were  supplied  by  Packard- Bel I  Computer  as  an  integrated  and 
checked-out  unit.  The  components  are  contained  in  two  standard 
equipment  racks.  Reference  documents  pertaining  to  these  com¬ 
ponents  and  the  interconnections  were  supplied  by  Packard- Bell 
Computer.  These  components  and  general  operation  of  the  subsys¬ 
tem  are  discussed  in  the  following  paragraphs.  A  basic  block 
diagram  of  the  subsystem  is  shown  in  Figure  4-2.  Figure  4-3  is 
Included  to  illustrate  the  tie-in  with  other  RAT  SCAT  equipments. 
Test  computations  performed  with  this  subsystem  as  presently  pro¬ 
grammed  indicated  an  accuracy  of  d*^  and  +1  degree  for  the 

cross  section  and  phase,  respectively. 

4.2.1  Subsystem  Components 

4.2.1. 1  PB-250  Computer.  The  PB-230  computer  unit  includes 
a  basic  memory  unit  package  nf  2320  words  which  can  be  expanded 
in  units  of  256-word  blocks  up  to  a  total  of  13,888  words.  The 
PB-250  was  supplied  with  59C4  words  cf  'Qiemory  which  is  adequate 
to  store  3600  words  of  measurements  cr  computed  data  in  addition 
to  programming.  Only  one  word  is  required  for  storing  one 

data  point;  this  word  is  indexed  with  the  azimuth  angle,  and  the 
phase  and  cross  section  data  is  packed  into  the  21-blt  words  with 
binary  arithmetic 

4. 2. 1.2  Flexowrlter  The  riexcwricer  input /output  device 
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Fig.  A- 2  TARGET  DATA  EXTRACTION  SUBSYSTEM  BLOCK  DIAGRAM 
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Fig.  4-3  BASIC  SYSTEM  COMPLEMENT  WITH  PHASE  MEASUREMENT  COMPONENTS 


Is  provided  along  with  the  basic  coioputer,  and  It  is  used  as  the 
pr inary  control  device  for  this  subsystem. 


4. 2. 1.3  Paper  Tape  Reader .  The  cape  reader  provided 
is  a  high-speed  tape  (300  characters  per  second) i  it  is  used 
to  insert  the  programs  and  the  measurement  data  (from  paper 
tapes)  into  the  PB-230.  The  reader  is  set  up  to  handle  the  RAT 
SCAT  5- level  teletype  code,  as  well  as  the  8- level  code  for  the 
PB-250. 


4.2. 1.4  Paper  Tape  Punch.  The  high-speed  paper  tape  punch 
is  capable  of  recording  110  characters  per  second.  It  is  used  as 
the  subsystem  digital  data  output  device.  The  output  tape  will 
provide  azisnith  data  and  computed  phase  and  radar  cross  section 
data  in  the  RAT  SCAT  format  in  5-level  teletype  code, 

4. 2. 1.5  Input /Output  Buffer .  The  inputs  output  buffer  is  a 
standard  type  which  provides  38  parallel  input  lines  to  the  PB- 
250.  The  signals  available  on  these  lines  are  supplied  from  digi¬ 
tal  shaft  encoders  within  Che  cross  section  and  phase  measurement 
equipments . 

4.2.1  6  High  Impedance  Input  Buffer.  The  high  impedance 
input  buffer  is  provided  to  match  the  interface  required  for  the 
necessary  RAT  SCAT  signals.  A  total  of  40  parallel  input  lines 
are  provided  with  a  maximum  current  load  of  0  5  milliampere 
(source  or  sink), 

4. 2. 1.7  Digital /Analog  Converter,  The  digital /analog  con¬ 
verter  is  a  10-bic  input,  two-channel  device  which  provides  two 
separate  0-  to  10-volt  signals  for  the  RAT  SCAT  phase  and  sigma 
analog  recorders  for  the  computed  target  data 

4.2.2  Subsystem  Operation 

The  usual  sequence  of  operations  is  the  following.  The  first 
data  run  of  interest  *1  e.,  sigma,  phase,  and  azimuth  data)  is 
placed  in  the  computer  memory  directly  on  input  lines  from  the 
digital  encoders.  The  second  data  run  of  interest,  from  the  same 
source,  is  then  placed  into  the  computer,  and  the  necessary  com¬ 
putations  are  performed  in  the  time  interval  between  the  data 
points.  The  expected  data  rate  is  nominally  one  sample  per  167 
milliseconds  which  corresponds  to  a  sample  each  0.1-degree  of 
azimuth  at  an  azimuth  rate  of  0.1  rpm  As  the  computations  are 
made,  a  digital  and  analog  signal  representing  the  computed  values 
is  normally  provided.  The  computed  analog  signals  are  plotted  on 
a  RAT  SCAT  analog  recorder  on-line  as  the  computations  are  made. 
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Three  options  are  available  for  punching  the  digital  data  on 
paper  tape.  Two  of  the  options  are  provided  because  insufficient 
time  is  available  to  punch  the  paper  tape  between  the  data  samples 
on  line  when  the  rate  of  measurement  of  the  data  is  high.  The 
first  option  is  that  of  scoring  the  digital  data  in  the  computer 
memory  and  punching  the  output  tape  subsequent  to  the  data  runs 
and  computations.  In  this  case,  the  original  data  run  can  be  re¬ 
tained  in  the  computer  memory,  but  a  slower  rate  of  data  sampling 
and  recording  will  be  required  (e.g.,  1.0-degree  azimuth  Increment 
samples  at  0.5-rpm  rotator  speed).  The  third  option  is  that  of 
repeating  the  computation  at  any  later  time  by  placing  data  into 
the  computer  from  the  paper  tapes  which  were  processed  during 
the  original  data  runs.  In  any  event,  provision  is  made  to  place 
data  into  the  computer  memory  and  perform  computations  as  an  orig¬ 
inal  data  tape  is  being  read  into  the  computer  by  using  the  tape 
reader.  An  analog  plot  can  be  produced  if  computations  are  per¬ 
formed  off-line  but  no  azimuth  reference  is  available. 
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SECTION  5 


SYSTEM  DEMONSTRATION  DATA 


A  brief  series  of  ueasuremencs  was  conducted  to  deaonstrate 
the  operation  of  the  discriaination  systea  subsysteas  and  the 
overall  integrated  systea.  This  deaonstration  was  oriented  pri- 
aarily  toward  deaonstrating  the  basic  capability  of  the  systea 
for  extracting  the  radar  cross  section  of  selected  targets  The 
total  task  was  cor^idered  to  include  a  systea  deaonstration  and 
a  systea  evaluation  A  systea  evaluation  procedure  is  outlined 
in  Reference  9  The  deacne tration  included  (1>  a  check  of  the 
accuracy  of  the  computer  program,  (2'  a  check  of  the  tie-in  be¬ 
tween  the  radar  system  and  the  computer,  (3)  phase  measurement 
equipment  performance,  and  ;4)  extraction  of  the  cress  section 
of  selected  targets  tc  evaluate  the  overall  system. 

The  computation  accuracy  provided  by  use  of  the  program  was 
determined  to  be  1  db  and  +1  degree  for  cross  section  and 
phase  respectively.  During  the  initial  tie-in  checkout,  about  5 
per  cent  of  the  data  points  were  missed  when  a  rotator  speed  of 
0.1  rps  and  0.1-degree  azimuth  increments  were  used.  The  missed 
data  points  were  attributed  to  the  failure  of  the  RAT  SCAT  paper 
tape  punch  system,  and  associated  inhibit  signals,  to  respond  to 
a  momentary  speed-up  of  the  azimuth  followup  servo  T9  obtain 
more  data  points,  the  rotator  was  slowed  to  a  speed  cf  about 
0.075  rpm  with  the  result  that  not  over  1  or  2  data  points  out 
of  3600  were  omitted  There  was  no  indication  of  errors  ct^used 
by  transfer  of  data  points  in  any  case  checked. 

The  results  of  the  measurements  obtained  by  use  of  the  phase 
measurement  subsystem  and  overall  discrimination  system  are  pre¬ 
sented  in  the  following  subsections.  The  majority  of  these  meas¬ 
urements  were  made  by  using  the  1200- foot  range  at  a  frequency 
of  1  51  gigacycles.  The  sensitivity  of  the  radar  system  was  in 
the  vicinity  of  -65  dbsm.  The  only  exception  is  that  of  the 
vertical  cylinder  which  was  measured  by  using  the  500- foot  range 
length. 


5  1  Phase  Measurement 

Phase  measurements  were  made  on  a  closed  loop  system,  a  RAT 
SCAT  midrange  cross  section  reference  corner,  a  rotating,  mechani¬ 
cally  stable  target  configuration,  and  other  selected  target  con¬ 
figurations  in  an  effort  to  obtain  a  measure  of  the  phase  stability 
and  accuracy  to  be  expected  under  the  different  conditions  and 
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obtain  a  measure  of.  the  effectiveness  of  using  the  midrange  cor> 
ner  as  a  phase  reference.  The  results  of  these  measurements  were 
not  conclusive  because  of  anomalies  observed  althoc^  observation 
of  the  system,  operated  in  conjunction  with  the  radar  range, 
strongly  suggests  the  use  of  a  phase  reference.  The  observed 
anomalies  appeared  as  a  phase  change  which  was  external  to  the 
electronic  equipments.  Several  data  runs  were  aborted  because 
of  large  closing  errors  in  the  phase  measurement  data.  The  ob¬ 
servations  made  during  the  brief  time  available  for  diagnostic 
testing  can  be  sumned  up  as  follows 

1.  Short  term  closed  loop  stability  could  be  repeatedly 
demonstrated  at  times  when  normal  tests  involving  the 
range  configuration  were  totally  unsatisfactory. 

2.  System  stability  was  greatly  improved  by  operating  at 
night , 

3.  Removal  of  excessive  transmission  coaxial  lines  and  oth¬ 
er  fixed  components  outside  of  the  building  improved 
stability 

4.  The  apparent  phase  change  of  various  targets  was  uncor¬ 
related. 

5.  The  phase  instabii.ity  was  more  pronounced  at  a  range 
length  of  1200  feet  when  the  antenna  was  facing  approxi¬ 
mately  west  than  that  at  a  300- foot  range  length  when 
the  antenna  was  facing  approximately  southwest. 

As  the  demonstration  tests  proceeded,  an  effort  was  made  to  re¬ 
cord  the  phase  cf  the  midrange  corner  at  the  beginning  and  end  of 
each  data  run  Attenuators  were  placed  in  the  receiving  system 
during  many  of  these  data  runs  in  order  to  simulate  the  indi¬ 
cated  signal  levels  in  terms  of  radar  cross  section.  The  noise 
level  appearing  on  the  phase  data  is  not  necessarily  character¬ 
istic  of  the  phase  measurement  system  since  its  value  is  depen¬ 
dent  on  a  particular  system  setup,  as  veil  as  on  the  signal 
level  and  scatterer  characteristics  The  scale  setup  used  for 
measuring  the  phase  data  was  specified  tc  be  4  degrees  per  minor 
division.  However,  there  are  deviations  from  this  rule,  and 
care  should  be  exercised  in  comparing  these  data. 

The  results  of  the  measurements  are  interpreted  in  terms  of 
background  improvement  or  cancellation  level.  The  computations 
were  made  by  using  (1)  the  phase  measurement  error  data  (by  as¬ 
suming  no  amplitude  measurement  error  was  present)  and  (2)  the 
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dlscriminaCion  system.  The  latter  results  were  obtained  oy  plac¬ 
ing  two  data  runs  on  the  sane  target  configuration  into  the  com¬ 
puter.  The  data  runs  shown  for  comparison  or  stability  indica¬ 
tion  purposes  were  initiated  at  intervals  of  about  20  minutes. 

The  closed  loop  stability  data  shown  in  Figures  3-1  through 
5-3  are  the  start  and  finish  of  a  continuous  data  run  for  3  ro¬ 
tator  rotations  or  about  30  minutes.  (It  should  be  noted  that 
all  figures  in  this  section  are  located  at  the  end  of  the  text.'^ 

No  system  adjustments  were  made  during  the  run. 

It  is  of  interest  to  examine  some  of  the  characteristics 
exhibited  by  the  phase  equipments.  The  cumulative  phase  density 
of  the  data  runs  shown  in  Figure  3-1  and  5-2  are  sho%m  in  Figure 
5-4.  The  bias  of  about  1  degree  which  appears  in  the  data  could 
have  resulted  from  a  setup  error  or  system  drift.  This  bias  can 
also  be  seen  in  the  phase  error  density  shown  in  Figure  5«5. 

These  data  were  obtained  by  taking  the  phase  difference  at  each 
azimuth  point  of  the  purched  tape  data.  The  cumula^ive  phase 
error  corresponding  to  these  data  are  shewn  in  Figure  5-6  The 
degree  of  stability  is  indicative  of  the  background  reduction 
capability  of  the  basic  equipment.  The  background  improvement 
computed  from  these  phase  data  is  shown  in  Figure  3-'^  On  a 
90-percentile  basis,  the  stability  is  such  that  amplitude  errors 
may  be  the  predominant  error  source  from  the  standpoint  of  back¬ 
ground  improvement 

The  stable  target  used  to  obtain  the  data  shown  in  Figure.s 
5-8  through  5-13  was  a  10- foot,  16- inch  diameter  cylinder  placed 
vertically  on  the  rotator  and  secured  by  guy  lines  The  disconti- 
nuties  seen  in  the  measured  data  are  the  result  cf  a  dead  spot 
in  the  analog  readout  potentiometer  whicr.  occurred  in  the  vicinity 
of  352  to  360  degrees.  The  multiple  phase  traces  resulted  from 
two  consecutive  runs  on  the  same  chart;  the  midrange  corner 
measurement  was  used  to  reset  the  phase  system  prior  to  the  sec¬ 
ond  data  run.  The  data  points  superimposed  on  the  trace  of  Fig¬ 
ure  5-8  are  included  to  illustrate  the  deviation  of  the  trace 
from  a  sinusoid  These  data  were  computed  from  the  relation 

0  “  +  k2  sin(G  +  k3> 

where  0  is  the  azimuth  angle  and  the  constants  (ki)  were  evalu¬ 
ated  at  the  maximum  and  minimum  excursion  of  the  Run  I  trace. 

The  set  of  data  associated  with  Figure  3-10  were  placed  into  the 
computer  and  substr acted  to  obtain  the  background  improvement 
trace  shown  in  Figure  5-13  This  trace  was  produced  as  taped 
data  was  fed  into  the  computer;  consequently,  the  azimuth 
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position  of  the  trace  is  meaningless.  The  scale  factors  used  in 
conjunction  with  the  input  data  and  the  computed  data  were  se¬ 
lected  so  that  the  indicated  improvement  level  would  fall  between 
zero  and  50  db  cn  the  analog  trace.  A  plot  of  the  cumulative 
background  improvement  is  shown  in  Figure  5-14. 

Data  runs  on  the  midrange  corner  are  shown  in  Figures  5-15 
through  5-18.  At  the  start  cf  the  second  data  run,  the  phase 
system  was  reset  to  the  initial  reading  for  the  first  run.  These 
two  data  runs  were  substracted  on-line  to  produce  the  trace  shown 
in  Figure  5-19.  The  cumulative  background  improvement  is  shown 
in  Figure  5-20 It  is  evident  from  an  examination  of  these  data 
that  the  stability  of  the  corner  is  suitable  for  use  as  a  phase 
reference  if  the  case  illustrated  is  typical  of  corner  stability. 
By  repeatedly  lowering  and  raising  the  corner  typical  mechanicml 
stability  and  position  repeatability  can  be  estimated;  data  from 
these  tests  show  a  peak  deviation  in  the  return  phase  of  no  more 
than  2  degrees.  However,  it  should  be  noted  that,  at  the  onset 
of  the  instability  previously  described,  all  scatterers  in  the 
field  exhibit  this  instability  to  some  extent .  The  background 
improvement  computed  by  using  only  phase  change  data  is  also  shown 
in  Figure  5-20  for  comparison  with  the  results  of  subtracted  data. 
It  can  be  seen  that  the  results  of  both  computations  are  in  good 
agreement  and  indicate  that  the  influence  of  the  amplitude  insta¬ 
bility  is  small  compared  to  the  phase  instability  even  in  the  case 
of  mechanically  stable  targets.  As  indicated  in  Section  3,  at 
the  higher  improvement  levels  the  improvement  predicted  by  using 
only  phase  change  information  is  optimistic 

In  addition  to  the  above  stability  runs,  a  cumber  of  runs  on 
more  practical  target  configurations  were  made  to  obtain  a  measure 
of  overall  stability  These  data,  shown  in  Figures  3-21  through 
5-24,  were  obtained  by  using  a  9- foot,  IB-inch  diameter  Styrofoam 
column  as  a  target  The  stability  cf  the  phase  and  the  cross  sec¬ 
tion  measurement  is  evident  from  an  examination  of  this  data.  The 
results  of  measurement  made  on  a  9- foot,  7- inch  diameter  column 
appear  to  be  of  more  interest  This  configuration  exhibits  the 
lease  mechanical  stability  of  all  targets  used  for  a  measure  of 
stability,  and  it  also  exhibits  a  low  cross  section  The  analog 
traces  of  the  measurements  are  shown  in  Figures  3-25  through  5-28. 
The  results  of  subtracting  these  data  are  shown  in  Figure  5-29. 

The  phase  of  the  subtracted  data  is  shown  in  Figure  5-30.  The 
azimuth  position  of  these  data  is  correct  since  the  computations 
were  performed  on-line  The  computations  in  this  case  were  per¬ 
formed  at  1- degree  azimuth  increments  The  phase  change  between 
the  two  data  runs  is  illustrated  in  Figure  5-31  These  data  were 
obtained  by  comparing  the  punched  tape  data  at  corresponding 
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azinuCh  positions.  These  data  weie  used  to  compute  the  back¬ 
ground  improvement  shown  in  Figure  3-32  (it  was  assumed  that  no 
amplitude  error  was  present) .  The  results  of  the  subtraction 
shown  in  Figure  5-30  are  also  shown  in  Figure  5-32.  A  compari¬ 
son  of  these  data  indicates  that  the  computed  background  improve¬ 
ment  is  optimistic  when  only  the  phase  error  is  considered  for 
this  low  cross  section  level  target.  This  feature  may  be  attrib¬ 
uted  to  the  fact  that  the  return  from  the  bare  background  and 
the  low  corss  section  columns  is  commcnly  characterized  by  a  rela¬ 
tively  large  psuedc  random  component  which  may  significantly  in¬ 
fluence  the  background  improvement  result. 

It  is  of  interest  to  compare  the  results  obtained  from  the 
various  stability  measurements  on  the  basis  of  the  background 
improvement  concept.  It  appears  from  an  examination  of  the  sub¬ 
traction  data  shown  in  Figures  5-14  and  5-20  that  the  background 
improvement  resulting  from  measurements  of  a  stable  scatterer  is 
very  nearly  the  same,  but  when  it  is  compared  with  the  small 
Styrofoam  column  results  (see  Figure  5-32’,  there  is  about  a  10- 
db  degradation.  However,  or.  the  basis  of  phase  stability  statis¬ 
tics  and  the  assumption  zf  no  amplitude  error,  the  theoretically 
predicated  improvement  obtained  for  these  three  targets  are  very 
similar.  This  similarity  indicated  that,  on  a  statistical  basis, 
the  phase  characteristics  exhibited  by  the  system  are  relatively 
independent  of  the  target  cross  section  levels  and  configurations 
considered;  whereas  the  amplitude  statistics  are  not  An  exami¬ 
nation  of  the  closed  loop  background  improvement  illustrated  in 
Figure  5-7  indicates  that  this  phase  behavior  is  characteristic 
of  the  overall  system  rather  tnan  the  electronic  equipments. 

The  background  improvement  realized  by  use  of  tne  experi¬ 
mental  equipments  can  be  compared  with  the  theoretically  prelicted 
results  presented  in  Section  2  through  a  comparison  of  the  experi¬ 
mental  data  results  shown  in  Figures  3-20,  3-31,  and  5-32  and  the 
theoretical  data  shown  in  Figures  2-9  and  2-10.  The  statistical 
properties  of  the  experimental  data  were  defired  by  assuming  a 
normal  and  uniform  distribution  of  the  error  components  although 
an  examination  of  the  phase,  change  data  shown  in  Figure  5-31  indi¬ 
cates  that  the  distribution  is  clearly  more  nearly  ncrmal  than 
uniform  as  suggested  in  Section  3  The  assumotiors  used  in  tne 
theoretical  analysis  included  the  specification  that  the  statis¬ 
tical  properites  of  the  amplitude  and  phase  components  be  equal. 

In  the  case  of  small  errors,  the  statistical  prooerties  of  the 
two  error  components  are  approximated  by  those  cf  the  phase  alone 
as  can  be  seen  from  an  examinatior  cf  Equation  2-4.  In  the  case 
of  a  normal  distribution  and  the  above  assumptions,  •[ne  experimen¬ 
tal  subtraction  results  in  a  background  improvement  of  23  0  and 
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19.0  db  for  the  50  and  90  percentiles,  respectively;  this  i»- 
proveaent  represents  a  favorable  cotsparison  with  the  theoretic- 
ally  predicted  values  of  20.8  and  15.6  db.  Using  the  small  Styro¬ 
foam  column  data  results  in  improvement  values  of  14.5  and  11.3 
db  for  the  50  and  90  percentiles  which  represent  such  a  favorable 
approximation  of  uniform  distribution.  Extending  the  linear  por¬ 
tion  of  the  experimental  cumulative  data  curve  to  obtain  the  end 
points  of  the  uniform  distribution  results  in  obtaining  a  theo¬ 
retical  background  improvement  of  15.8  and  3.3  db  for  the  50  and 
90  percentile;  whereas  the  subtracted  data  indicates  values  of 
25  and  11.3  db  in  the  case  of  the  reference  corner  stability  data. 
The  use  of  the  small  Styrofoam  column  data  produces  theoretical 
50  and  90  percentile  values  of  21.3  and  3.3  db;  whereas  the  sub¬ 
tracted  values  are  14.5  and  11.3  db,  respectively  Thus  it  can 
be  seen  that  the  values  obtained  for  an  assumed  uniform  distribu¬ 
tion  cannot  be  satisfactorily  compared  with  the  subtracted  data 
background  improvement  because  an  optimistic  estimate  is  obtained 
at  one  point  and  a  pessimistic  estimate  at  another  point.  The 
assumption  of  a  normal  distribution  results  in  a  favorable  com¬ 
parison  between  theoretical  and  experimental  background  improve¬ 
ment  probabilities  in  the  case  of  the  data  examined.  Additional 
comments  on  the  nature  of  the  system  phase  behavicr  and  influence 
on  the  extraction  accuracy  appear  throughout  the  remainder  of 
this  section. 


5.2  Sphere  Cross  Section  Extraction 

The  cross  section  of  a  series  of  spheres  was  extracted  from 
data  obtained  when  Styrofoam  ^:olumns  were  used  as  support.  The 
results  are  interpreted  in  terms  of  the  distribution  of  cumulative 
error  relative  to  the  theoretical  sphere  cross  section  in  the  case 
of  both  the  subtracted  values  of  the  combined  target  and  mount 
values.  The  discrimination  system  was  used  to  extract  the  cross 
section  of  2*,  7/8-,  5/8-,  and  1 /2-inch  diameter  spheres.  The 
spheres  were  each  offset  from  the  axis  of  rotation  by  about  one- 
half  wavelength  Operation  under  this  condition  generally  re¬ 
sulted  in  a  wide  variation  in  the  cross  section  trace  obtained  for 
the  combined  target  and  mount  and  also  in  a  wide  variation  in 
the  relative  phase  cf  the  data  obtained  on  target-plus-mount  and 
that  obtained  on  the  mount  alone.  Thus  the  subtraction  of  the 
sphere  data  should  be  considered  a  severe  test  of  the  performance 
of  the  discrimination,  system. 

Three  sets  of  data  were  obtained  by  using  the  2- inch  diameter 
sphere  in  conjunction  with  the  large  18- inch  diameter  Styrofoam 
coltuon  mentioned  in  Subsection  5  1  These  data  are  included  in 
Figures  5-33  through  5-53.  The  theoretical  cross  section  of  the 
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sphere  target  is  artificially  superimposed  on  each  data  run.  The 
cumulative  error  curves  are  shown  for  each  case.  The  third  set 
of  data  was  recorded  and  processed  in  1-degree  azimuth  increments. 
It  is  evident  from  an  examination  of  the  computed  sphere  data  that 
there  is  a  variation  in  the  results  that  can  be  obtained.  This 
variation  is  attributed  largely  to  inaccuracies  in  the  phase  data 
used  in  the  computation.  Since  stability  problems  are  necessarily 
associated  with  time,  an  indication  of  the  influence  of  stability 
can  be  seen  from  an  examination  of  data  sets  2  and  3,  in  which  a 
total  time  of  30  minutes  and  5  minutes  was  expended,  since  they 
represent  the  worst  and  best  results,  respectively.  An  estimate 
of  the  phase  behavior  over  the  period  of  time  required  to  obtain 
data  set  2  in  the  case  of  the  2- inch  sphere  can  be  seen  from  an 
examination  of  the  data  shown  in  Figure  5-54<  These  data  illus¬ 
trate  the  phase  error  as  a  function  of  azimuth  position  (time). 

They  were  obtained  by  comparing  (1)  the  measured  phase  difference 
between  the  data  runs  made  on  target-plus-mount  and  the  mount 
alone  and  (2)  the  phase  difference  required  to  compute  the  known 
sphere  cross  section  by  use  of  the  roeasxired  cross  section  values. 

It  is  noted  that  omission  of  amplitude  error  effects  can  severely 
influence  these  results  in  some  cases.  A  random  component  and  a 
monotonic  drift  component  appear  in  these  data.  These  data,  and 
the  fact  that  the  phase  data  obtained  during  the  two  data  runs 
diverged,  suggest  that  a  correlation  factor  can  be  applied  to  re¬ 
duce  the  net  error.  Figure  5-55  contains  an  illustration  of  the 
results  of  using  a  correction  term  which  is  defined  under  the 
assumption  that  the  phase  error  increases  uniformly  from  a  zero 
value  at  the  start  of  the  data  run  to  the  value  of  the  net  phase 
closing  error  at  the  end  of  the  run  In  this  figure,  the  error 
in  the  computed  sphere  value  is  shown  without  the  correction  factor 
for  comparison  The  improved  accuracy  realized  by  using  this  pro¬ 
cedure  suggests  that  incorporation  of  the  appropriate  correcting 
procedure  in  the  data  processing  could  be  used  to  increase  the  sys¬ 
tem  accuracy  The  sensitivity  of  the  computed  cross  section  to 
the  relative  phase  of  the  two  basic  data  runs,  discussed  in  Sec¬ 
tion  2  and  illustrated  in  Figures  2-il  through  2-13,  is  illustrated 
in  Figure  5-56.  In  this  figure,  an  approximate  measure  of  the 
relative  phase  of  the  target  plus-mount  and  mou'"  data  runs  is 
superimposed  on  the  computed  cross  section  trace  of  Figure  5-42. 

As  predicted  in  Section  2,  the  error  in  the  subtracted  result  is 
minimized  when  the  relative  phase  is  about  180  degrees  and  also 
at  about  zero  degree  since  the  mount  and  target- plus-mount  cross 
section  differ  significantly.  An  interesting  observation  is  that 
good  accuracy  is  commonly  realized  when  a  null  in  the  target-plus- 
mount  data  occurs.  This  effect  apparently  results  because  the 
mount  phase  is  reasonably  constant  and  the  phase  of  the  target - 
plus-mount  return  approximates  the  phase  of  the  target  return 
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The  data  points  superimposed  on  the  computed  sphere  phase  in 
Figure  5-53  are  included  to  illustrate  the  deviation  of  the  com¬ 
puted  phase  from  a  sinusoid.  No  effort  was  made  to  achieve  any 
type  of  best  fit. 

A  series  of  smaller  spheres  of  7/8-,  5/S-,  and  l/2-inch  diam¬ 
eter  were  used  in  conjunction  with  the  small  7- inch  diameter  Styro¬ 
foam  column,  discussed  in  Section  3,  to  obtain  the  data  presented 
in  Figures  5-57  through  5-84.  These  data  are  presented  as  examples 
of  system  performance  at  the  lower  cross  section  levels.  A  cumu¬ 
lative  error  curve  of  the  cross  section  values  is  shwn  for  each 
case.  In  considering  the  limited  number  cf  data  samples,  any  cor¬ 
relation  between  these  error  data  for  different  cases  may  be  masked 
by  the  system  noise  level,  including  random  phase  and  amplitude 
instability,  or  other  phenomena.  System  sensitivity  may  have  sig¬ 
nificantly  influenced  these  results.  The  cumulative  cross  section 
error  distribution  obtained  for  all  sphere  measurements  is  shown 
in  Figure  5-84  for  comparison 

The  erroneous  constant  value  which  appears  in  the  vicinity 
of  340  degrees  of  azimuth  in  Figures  5-59  and  5-62  resulted  from 
a  temporary  system  malfunction;  the  computer  program  was  subse¬ 
quently  modified,  and  this  phenomenon  did  net  appear  on  subsequent 
data  runs . 

One  interesting  feature  of  the  data  is  an  apparent  coupling 
effect  which  appears  on  the  data.  This  effect  is  suggested  by 
the  apparently  excessive  signal  level  on  the  target-plus-mount 
trace  when  this  level  coincides  with  a  null  in  the  return  from  the 
mount  alone.  Example  data  points  taken  from  the  punched  paper 
tape  obtained  during  these  runs  is  shown  in  Tables  5-1,  5-2,  and 
5-3.  In  these  tables,  the  measured  mount- plus- target  data  is  shown 
with  the  corresponding  maximum  signal  level  theoretically  realis¬ 
able.  This  maximum  signal  level  was  computed  by  using  the  measured 
column  cross  section  and  the  theoretical  sphere  cross  section  and 
an  assumption  of  constructive  interference.  The  maximum  error  in 
these  data  attributable  to  measure.nent  error  is  estimated  to  be 
about  0  5  db;  an  excessive  signal  level  of  1  to  2  db  is  common  in 
the  data  shown.  The  system  may  be  considered  as  comprising  a  high 
Q  system,  sensitive  to  perturbations  introduced  by  the  sphere  tar¬ 
get,  because  the  low  cross  section  columns  commonly  used  are  tuned 
in  the  sense  that  the  specular  component  of  the  return  is  greatly 
reduced  by  achieving  a  specific  normalized  electrical  diameter 
determined  by  column  physical  diameter,  bulk  electrical  properties 
(dielectric  constant),  and  operating  wavelength.  The  influence 
of  coupling  cannot  be  estimated  without  a  more  extensive  measure¬ 
ment  program. 
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Table  5-1  MEASURED  AND  MAXIMUM  THEORETICAI. 

CROSS  SECTION  LEVELS  (Half- inch 
Sphere  Shown  in  Figures  5-77  and 
5-78) 


Azinuth  Angle 
(degree) 

Cross  Section 
(dbsn) 

Measured 

Maxinum  Theoretical 

80.5 

-55.2 

-55.5 

80.1 

-55.2 

-55.5 

79.7 

-54.2 

-55.4 

79.3 

-53.2 

-55.2 

78.9 

-52.3 

-55.3 

63.3 

-53.2 

-55.4 

62.9 

-53.8 

-55.5 

62.5 

-53.3 

-55.3 

62.1 

-53.2 

-55.6 

61.3 

-54.0 

-55.5 

59.3 

-53.7 

-55-5 

58.9 

-53.3 

-55.5 

58.5 

-54.3 

-55.5 

58.1 

-54.0 

-55.5 

57.7 

-55.5 

-55.5 

50.5 

-52.4 

-55.5 

50.1 

-51.2 

-55.2 

48.9 

-52.8 

-55.0 

48.5 

-52.2 

-54.7 

48.1 

-51.9 

-55.3 

281.0 

-53.1 

-54.5 

281.3 

-53.2 

-53.6 

280.9 

-53.2 

-53.8 

280.5 

-52.6 

-54.3 

280.1 

-52.6 

-54.2 
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Table  5-2  MEASURED  AND  MAXIMUM  THEORETICAL 
CROSS  SECTION  LEVELS  (5/8- inch 
Sphere  Shown  in  Figures  5-70  and 
5-71) 


Azinuth  Angle 
(degree) 

Cross  Section 
(dbsa) 

Measured 

Maximum  Theoretical 

60.1 

-50.4 

59.7 

-50.4 

59.3 

-50.2 

58.9 

-50.0 

58.5 

-49.7 

-50.0 

56.9 

-49.3 

-50.4 

56.5 

-49.0 

-50.4 

56.1 

-49.8 

-50.6 

55.7 

-49.6 

-50.6 

55.3 

-48.7 

-50.6 

298.9 

-48.6 

-50.6 

298.5 

-48.8 

-50.6 

298.1 

-48.6 

-50.6 

297.7 

-48.7 

-50.8 

297.3 

-49.0 

-50.6 

290,9 

-48.9 

-50.4 

290.5 

-48.4 

-50.4 

290.1 

-48.2 

-50.2 

289.7 

-48.1 

-49.5 

289.3 

-47.7 

-49.2 

220.9 

-48.6 

-50.6 

220.5 

-48.2 

-50.7 

220.1 

-48.3 

-50.6 

219.7 

-48.7 

-50.8 

219.3 

-48.9 

-50.5 

216.1 

-48.7 

-50.2 

215.7 

-48.4 

-50.2 

215.3 

-48.2 

-49.9 

214.9 

-48.4 

-49.8 

214.5 

-48.3 

im  .  .  ,  ■ 

-49.6 
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Tabl^  S-3  MEASURED  AND  MAXIMUM  THEORETICAL 
CROSS  SECTION  LEVELS  (5/8- Inch 
Sphere  Shown  in  Figures  5-64  and 
5-65) 


--  - - - 

Azimuth  Angle 
(degree) 

— 

Cross  Section 
(dbsm) 

Measured 

Maximum  Theoretical 

290.2 

-49.9 

-50.6 

289.8 

-49.9 

-50  6 

289.4 

-49.3 

-50.6 

289.4 

-49.5 

-50.6 

288.6 

-49:8 

-50  6 

288.2 

-49.8 

-50.6 

287.8 

-49  8 

-50.6 

287  .4 

-49  9 

-50  5 

287.0 

-49  7 

-50.4 

286.6 

-49  8 

-50.2 

5.3  Sphere  Cone  Measurement  Results 


As  previously  indicated,  a  30-degree,  5.1- inch  diameter 
sphere- cone  was  used  as  one  of  the  targets  in  the  demonstration 
of  system  operation.  The  sphere-cone  and  target  cross  section 
mount  are  shown  in  Figure  5-85.  The  target  cradle  was  designed 
so  that  the  target  could  be  easily  placed  on  and  removed  from 
the  cradle  No  guy  strings  were  attached  to  the  taiget.  Since 
the  target  is  a  body  of  revolution  and  exhibits  no  large  gradients 
in  cross  section,  target  orientation  problems  were  insignificant. 
Except  when  indicated,  data  were  obtained  at  01- degree  azimuth 
increments.  As  in  the  case  of  the  sphere  data,  no  special  effort 
was  made  to  obtain  data  suitable  for  any  significant  analysis  of 
the  computed  phase  results. 

Data  were  obtained  by  measuring  the  sphere-cone  placed  on  a 
large  cross  section  mount  at  both  vertical  and  horizontal  polari¬ 
zation.  The  subtracted  result  was  then  compared  with  similar 
measurements  on  the  sphere- cone  '^y  using  a  low  background  column 
hereinafter  referred  to  as  the  reference  for  these  data  The  re¬ 
turn  from  this  column  was  everywhere  greater  than  20  db  below 
the  return  from  the  sphere- cone. 

The  low  background  reference  measurement  at  vertical  polari¬ 
zation  is  shown  in  Figure  5-86.  Analog  traces  of  the  two  data 
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runs  required  are  shown  in  Figures  5-8?  through  5-92  along  with 
the  computed  results.  As  in  the  case  of  the  previous  data,  the 
runs  were  started  at  180  degrees,  at  the  bottom  of  the  polar  dia¬ 
grams,  and  at  the  right  of  the  rectilinear  diagrams.  The  rotator 
direction  was  clockwise.  The  four  cross  section  traces  associated 
with  a  data  run  at  vertical  polarization  are  shown  artificially 
superimposed  in  Figure  5-93.  The  low  background  measurement 
trace  was  rotated  in  azimuth  to  obtain  a  good  fit.  The  differ¬ 
ence  between  the  computed  and  the  measured  low  background  cross 
section  is  small  over  most  of  the  pattern  and  at  a  maximum  in  the 
vicinity  of  nose-on.  It  will  be  observed,  however,  that  the 
nose-on  cross  section  of  the  sphere-cone  is  about  4  db  below  the 
column  cross  section  and  that  the  error  of  the  mount- plus -target 
measurement  is  also  a  maximum,  about  7  db.  The  magnitude  and 
direction  of  the  closing  error  in  the  computed  cross  section  trace 
is  attributable  to  the  ssiall  phase  closure  error  which  can  be 
seen  in  Figures  5-90  and  5-91.  A  measure  of  the  improved  accuracy 
in  the  determination  of  cross  section  is  shown  in  Figure  5-94. 
Shown  in  this  figure  is  the  cumulative  probability  density  distri¬ 
bution  of  cross  section  error  relative  to  the  low  background 
measurement  of  the  sphere-cone  in  terms  of  the  computed  and  target 
plus-mount  values.  An  examination  of  these  data  will  reveal  that 
the  median  error  values  are  0.6  and  2.65  db  in  the  case  of  the 
computed  and  measured  values,  respectively.  At  the  90  percentile 
points,  the  error  values  are  1  35  db  and  greater  than  5  db.  It 
should  be  noted  that  the  reference  cross  section  is  measured  quan¬ 
tity  which  is  subject  to  ordinary  cross  section  measurement  errors 
In  this  range  of  cross  section  values,  the  accuracy  specification 
for  the  RAT  SCAT  range  is  +1  db  although  a  somewhat  higher  accu¬ 
racy  can  generally  be  demonstrated  with  measurements  on  a  series 
of  spheres  under  low  background  conditions  (see  Reference  10). 

Data  resulting  from  measurements  made  by  using  horizontal 
polarization  are  shown  in  Figures  5-95  through  5-115.  Three  sets 
of  data  at  this  polarization  are  included  to  illustrate  the  re¬ 
peatability,  at  least  in  a  statistical  sense,  of  this  type  of 
measurement.  In  this  series  of  data  runs,  the  target  was  care¬ 
fully  placed  on  and  removed  from  the  mount  so  as  to  minimize  dif¬ 
ferences  resulting  from  physical  displacement  of  the  target  con¬ 
figuration.  The  sphere-cone  phase  excursions  were  greater  at 
horizontal  polarization  and  resulted  in  a  sharp  null  at  one  point 
in  the  pattern.  This  null  appears  on  the  pattern  in  Figures  5-96, 
5-103,  and  5-109  The  target -plus -mount  patterns  are  essentially 
the  same  for  each  set  of  data.  Cress  section  data  from  Figures 
5-95  through  5-98  is  also  presented  in  Figure  5-102.  As  in  the 
horizontal  polarization  case,  phase  drift  is  in  such  a  direction 
as  to  introduce  the  closing  error  of  the  computed  cross  section 
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(see  Figure  5-99).  It  is  noted  that  the  13-db  null  resulting  froa 
interaction  between  the  target  and  aount  was  reduced  to  less  than 
0.5  db  relative  to  the  low  background  aeasureaent  data.  This  re¬ 
sult  is  at  least  in  part  explainable  by  seans  of  the  discussion 
in  Section  2,  i.e  ,  the  difference  in  the  phase  of  the  two  data 
runs  is  in  the  vicinity  of  180  degrees  where  the  coaputed  result 
is  relatively  insensitive  to  phase  errors.  The  large  coaputed 
phase  closing  error  is  attributable  to  the  basic  phase  data  error 
and  the  cross  section  closing  error  which  appear  in  Figure  5>96. 
Additional  data  runs  obtained  at  horizontal  polarization  are  shown 
in  Figures  5-103  through  5-114  In  each  of  the  data  sets  the  low 
background  sphere-cone  cross  section  data  are  presented  for  com¬ 
parison  c  The  digital  data,  used  for  computation,  was  recorded  in 
1-degree  azimuth  increments  in  the  case  of  the  data  8ho«m  in  Fig¬ 
ures  5-109  through  5-114.  The  apparent  steps  in  the  computed  data 
result  from  the  fact  that  the  analog  output  of  the  computer  is 
held  constant  until  a  new  value  is  computed.  It  is  noted  that  the 
computed  cross  section  is  consistently  higher  than  the  low  back¬ 
ground  cross  section.  This  feature  can  be  explained  by  an  exami¬ 
nation  of  the  phase  data  obtained  during  this  run  and  shown  in 
Figures  5-112  through  5-113.  Data  obtained  from  the  previous 
runs  at  horizontal  polarization  are  superimposed  on  these  figures. 
Comparison  of  phase  data  in  these  figures  illustrates  possible 
variations  of  the  phase  through  a  data  run  The  total  time  span 
for  obtaining  these  phase  measurements  was  about  1.5  hours.  The 
offset  in  the  phase  data,  illustrated  in  Figure  5-113,  appears  to 
be  the  reason  for  the  bias  in  the  cross  section  data  shown  in 
Figure  5-111.  The  phase  system  was  reset  by  using  the  midrange 
reference  corner  Return  phase  prior  to  each  data  run.  As  discussed 
in  Section  5.1,  the  phase  variation  appears  to  be  psuedo  random 
in  nature;  the  exact  source  or  sources  of  which  have  not  been  de¬ 
termined. 
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Fig.  5-4 
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Fig.  5-8  STABLE  TARGET  PHASE  STABILITY  AT  -40  DBSM 
SIGNAu  LEVEL  -  HORIZONTAL  POLARIZATION 


Fig.  S^-IO  STABLE  TARGET  PHASE  STABILITY  AT  -60  DBSM 
SIGHAL  LEVEL  -  HORIZONTAL  POLARIZATION 
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Fig.  5-12  STABLE  TARGET  AMPLITUDE  STABILITY  AT  -60 

DBSM  SIGR4L  LEVEL  -  HORIZONTAL  POLARIZATION 
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CUMULATIVE  BACKGROUND  IMPROVEMENT  FOR  A  STABLE  TARGET 
AT  -60  dbsm  SIGNAL  LEVEL 
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Fig.  5fl9  SUBTRACTION  LEVEL  FOR  MIDRANGE  REFERENCE  CORNER 


118 


j  FATTtRN  NC  CATT 


S 

§ 


CO 

M 


p6  N 

o 

fid 

I* 

H  S 

CO  D 
PU  u 


C<J 

I 

m 


to 

•H 

Pu 


POLARIZATION 


121 


Fig.  5-22  PHASE  DATA  FOR  A  LARGE  STYROFOAM 
COLUMN  -  HORIZONTAL  POLARIZATION 
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Fig„  5-24  CROSS  SECTION  DATA  FOR  LARGE  STYROFOAM 
COLUMN  -  HORIZONTAL  POLARIZATION 
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Fig.  5-27  CROSS  SECTION  DATA  FOR  A  SMALL  STYROFOAM 
COLUMN  -  HORIZONTAL  POLARIZATION 
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Fig.  5-32  CUMULATIVE  BACKGROUND  IMPROVEMENT 

DISTRIBUTION  FOR  SMALL  STYROFOAM  COLUM 
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Fig.  5-33  TARGET -PLUS -MOUNT  CROSS  SECTION  1  for 
2 -INCH-DIAMETER  SPHERE  -  VERTICAL 
POLARIZATION 
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Fig.  5-34  MOUNT  CROSS  SECTION  1  FOR  2 -INCH-DIAMETER 
SPHERE  -  VERTICAL  POLARIZATION 


5-35  COMPUTED  GROSS  SECTION  1  FOR  2 -INCH-DIAMETER 
SPHERE  -  VERTICAL  POLARIZATION 
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Fig.  5-36  CUMULATIVE  CROSS  SECTION  ERROR  DISTRIBUTION 
r  FOR  2- INCH- DIAMETER  SPHERE  -  VERTICAL 
POLARIZATION 


Fig.  5-38  MOUNT  PHASE  1  FOR  2- INCH -DIAMETER  SPHERE  -  VERTICAL  POLARIZATION 
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Fig.  5-43  CUMULATIVE  CROSS  SECTION  ERROR  DISTRIBUTION 
2  FOR  2 -INCH- DIAMETER  SPHERE  -  HORIZONTAL 
POLARIZATION 


Fig,  5-44  TARGET-PLUS -MOUNT  PHASE  2  FOR  2-INCH 

DIAMETER  SPHERE  -  HORIZONTAL  POLARIZATION 
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Fig,  5-46  COMPUTED  PHASE  2  FOR  2- INCH- DIAMETER 
SPHERE  -  HORIZONTAL  POLARIZATION 
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Fig.  5-50  CUMULATIVE  CROSS  SECTION  ERROR  DISTRIBUTION 
3  FOR  2 -INCH- DIAMETER  SPHERE  -  HORIZONTAL 
POLARIZATION 
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Fig  5-52  MOUNT  PHASE  3  FOR  2 -INCH -DIAMETER 
SPHERE  -  HORIZONTAL  POLARIZATION 
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Fig.  5-54  EXAMPLE  RELATIVE  PHASE  DATA 
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Fig.  5-55  COMPARISON  OF  CUMULATIVE  CROSS  SECTION 
ERROR  FOR  2 -INCH  DIAMETER 
SPHERE-HORIZON’fAL  POLARIZATION 
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5-57  TARGET -PLUS -MOUNT  CROSS  SECTION  FOR  7/8- INCH 
DIAMETER  SPHERE  -  HORIZONTAL  POLARIZATION 


Fig.  5-58  MOUNT  CROSS  SECTION  FOR  7 /8- INCH-DIAMETER 
SPHERE  -  HORIZONTAL  POLARIZATION 
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Fie  5-59  COMPUTED  CROSS  SECTION  FOR  7 /8- INCH-DIAMETER 
SPHERE  -  HORIZONTAL  POLARIZATION 
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Fig.  5-60  TARGET-PLUS-MOUNT  PHASE  FOR  7/8-INCH- 

DIAMETER  SPHERE  -  HORIZONTAL  POLARIZATION 
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Ftg„  5-62  COMPUTED  PHASE  FOR  7/8 -INCH-DIAMETER 
SPHERE  -  HORIZONTAL  POLARIZATION 


Fig.  5-63  CUMULATIVE  CROSS  SECTION  ERROR  DISTRIBUTION  FOR 

7/8 -INCH- DIAMETER  SPHERE  -  HORIZONTAL  POLARIZATION 
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5-64  TARGET -PLUS -MOUNT  CROSS  SECTION  1  FOR 
5 /8-INCH-DIAMETER  SPHERE  -  HORIZONTAL 
POLARIZATION 


Fie.  5-65  MOUNT  CROSS  SECTION  1  FOR  5 /8- INCH -DIAMETER 
SPHERE  -  HORIZONTAL  POLARIZATION 
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Fie  5-66  COMPUTED  CROSS  SECTION  1  FOR  5/8-INCH- 

DIAMETER  SPHERE  -  HORIZONTAL  POLARIZATION 
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Fig.  5’68  MOUNT  PHASE  I  FOR  5/ 8- INCH-DI AMETER  SPHERE  -  HORIZONTAL  POLARIZATION 
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e  5-71  MOUNT  CROSS  SECTION  2  FOR  5/8-INCH  DIAMETER 
SPHERE  -  HORIZONTAL  POLARIZATION 
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-74  MOUNT  PHASE  2  FOR  5/8- INCH-  DfAMETER  SPHERE  -  HORIZONTAL  POLARIZATION 


Fig.  5-75  COMPUTED  PHASE  2  FOR  5/ 8- INCH-DIAMETER  SPHERE  -  HORIZONTAL  POLARIZATION 
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Fig.  5-76  CUMULATIVE  CROSS  SECTION  ERROR 

DISTRIBUTION  FOR  5/ 8-INCH-DIAMETER 
SPHERES  -  HORIZONTAL  POLARIZATION 
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Fig.  5-78  MOUNT  CROSS  SECTION  FOR  1 /2- INCH-DIAMETER 
SPHERE  -  VERTICAL  POLARIZATION 
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Fig.  5-79  COMPUTED  CROSS  SECTION  FOR  1 /2- INCH- DIAMETER 
SPHRRF.  -  VERTICAL  POLARIZATION 
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Fig.  5-80  CUMULATIVE  CROSS  SECTION  ERROR  DISTRIBUTION  FOR  1/2- 
INCH-  DIAMETER  SPHERE  -  VERTICAL  POLARIZATION 
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Fig.  5-83  COMPUTED  F^’ASE  FOR  1/2-INCH-DI. 


Fig.  5-85  SPHERE  CONE  ON  HIGH  BACKGROUND  COLUMN 
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Fie  5-87  TARGET -PLUS -MOUNT  CROSS  SECTION  FOR.  SPHERE 
CONE  -  VERTICAL  POLARIZATION 
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Fig.  5-92  COMPUTED  PHASE  FOR  SPHERE  CONE  -  VERTICAL  POLARIZATION 


Fig.  5-94  CUMULATIVE  CROSS  SECTION  ERROR  FOR  SPHERE 

CONE  DATA  -  VERTICAL* HPOLARIZAT ION 
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5-96  TARGET -PLUS -MOUNT  CROSS  SECTION  1  FOR  SPHERE 
CONE  -  HORIZONTAL  POLARIZATION 
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LOO  MOUNT  PHASE  I  FOR  SPHERE  CONE  -  HORIZONTAL  POLARIZATION 
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-101  COMPUTED  PHASE  1  FOR  SPHERE  CONE  -  HORIZONTAL  POLARIZATION 
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Fig  5-102  COMPARISON  OF  SPHERE  CONE  CROSS 
SECTION  DATA  FOR  HORIZONTAL 
POLARIZATION 
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Fig.  5-104  MOUNT  CROSS  SECTION  2  FOR  SPHERE  CONE 
HORIZONTAL  POLARIZATION 
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Fig.  5-105  COMPUTED  CROSS  SECTION  2  FOR  SPHERE  CONE 
WITH  REFERENCE  SUPERIMPOSED  -  HORIZONTAL 
POLARIZATION 
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-106  TARGET- PLUS-MOUNT  PHASE  2  FOR  SPHERE  CONE- HORIZONTAL  POLARIZATION 


-108  COMPUTED  PHASE  2  FOR  SPHERE  CONE  -  HORIZONTAL  POLARIf-  ION 


Fig.  5-111  COMPUTED  CROSS  SECTION  3  FOR  SPHERE 
CONE  WITH  REFERENCE  SUPERIMPOSED  - 
HORIZONTAL  POLARIZATION 


Fig.  5-112  TARGET- PLUS -MOUNT  PHASE  3  WITH  SUPERIMPOSED  DATA  FOR  SPHERE  CONE 
HORIZONTAL  POLARIZATION 


-113  MOUNT  PHASE  3  WITH  SUPERIMPOSED  DATA  FOR  SPHERE  CONE  -  HORIZONTAL  POLARIZATION 


COMPUTED  PHASE  1  WITH  SUPERIMPOSED  DATA  FOR  SPHERE  CONE  -  HORIZONTAL  POLARIZATION 
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Fig.  5-115  CUMULATIVE  CROSS  SECTION  ERROR  DISTRIBUTION  FOR 
SPHERE  CONE  DATA  -  HORIZONTAL  POLARIZATION 


SECTION  6 


SUMMARY  AND  RECOMMENDATIONS 


The  feasibility  of  a  target,  target>pIus*8upport,  cross 
section  discrimination  system,  based  on  a  theoretically  derived 
algorithim,  has  been  experimentally  demonstrated  for  measurements 
in  L'bando  The  theoretical  and  experimental  investigation  was 
successful  from  the  standpoint  of  (1)  the  overall  performance  of 
the  system  implemented  at  RAT  SCAT  and  (2)  the  correlation  ob¬ 
tained  between  experimental  and  theoretical  results .  The  results 
of  the  demonstration  indicate  that  in  the  case  of  relatively  large 
signal  levels  (approximately  -30  dbsm)  and  mechanically  stable 
target  configurations,  target  cross  section  can  be  extracted  to 
an  accuracy  of  about  1  db  90  per  cent  of  the  time;  in  the  case 
of  smaller  signal  levels  (approxl-nately  ^60  dbsm)  and  relatively 
unstable  target  configurations,  this  error  level  rises  to  about 
3  db,  A  cross  section  error  of  about  7  db,  resulting  from  the 
influence  of  the  target  support  system,  was  reduced  to  about  1  db 
in  the  vicinity  of  ncse-on,  in  the  case  of  the  sphere*cone  tar¬ 
get,  by  use  of  this  discrimination  system.  This  result  was  obtained 
with  the  target  cross  secticn  about  4  db  below  that  of  the  mount 
cross  section. 

The  primary  source  of  error  in  the  discrimination  system 
appears  to  be  phase  instability  not  associated  with  electronic 
phase  equipments.  On  the  basis  of  amplitude  and  phase  instability 
of  the  overall  system,  the  90-percentile  background  improvement 
capability  is  in  the  vicinity  of  19  db  and  11  db  for  the  above 
cited  cases,  respectively.  The  corresponding  measure  of  perform¬ 
ance  of  the  phase  measurement  electronic  equipment  is  25  db  im¬ 
provement,  These  data  are  based  on  measurements  made  over  a  time 
period  of  approximately  05  hour  These  conclusions  are  based  on 
a  limited  amount  of  data  and  exceptions  to  the  stated  cases  can  be 
found.  Test  results  indicate  that  the  degradation  in  accuracy 
of  extraction  with  decreasing  signal  level  is  primarily  caused  by 
increased  amplitude  instability  at  the  lower  levels  rather  than 
increased  phase  instabil  ity 

The  computation  subsystem  accuracy  of  1  db  and  +1  degree, 
with  the  program  provided,  is  compatible  with  the  overall  system 
performance. 

The  results  of  preliminary  tests  (Section  3)  indicate  that 
the  performance  of  a  similar  system  implemented  at  Band  6  (4  to 
8  gigacycles)  will  still  provide  a  re-«.«-onable  background 


improvement  even  though  frequency  and  support  movement  stability 
requirements  are  more  stringent.  However,  it  is  recommended  fur¬ 
ther  testing  be  conducted  before  implementing  a  system  at  a  higher 
frequency.  The  type  of  tests  outlined  in  Appendix  II  are  expected 
to  be  adequate  for  estimates  of  system  performance.  In  addition 
to  these  tests,  it  appears  necessary  to  conduct  a  measurement 
program  to  isolate  the  source  of  tl^  phase  drifts  that  result  from 
some  phenomenon  outside  of  the  electronic  equipment.  There  is 
some  evidence  that  this  phase  drift  is  related  to  temperature 
variations.  In  the  event  the  problem  is  in  the  antenna  complex, 
it  auiy  be  necessary  or  desirable  to  insulate  external  system  RF 
components  or  replace  certain  components  with  less  temperature 
sensitive  devices. 

The  data  presented  herein  on  the  existing  system  are  the  re¬ 
sult  of  a  limited  system  demonstration  program.  It  is  desirable 
to  conduct  a  more  extensive  program  to  provide  a  complete  and 
detailed  evaluation  of  the  system.  The  proposed  program  should 
include  tests  to  evaluate  the  influence  of  such  features  and  phe¬ 
nomenon  as  long-term  system  stability  effects,  support  system  de¬ 
formation,  target  guy  lines,  and  coupling  between  the  target  and 
support  system.  An  evaluation  program  is  outlined  in  Reference  9. 
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APPENDIX  : 


TARGET  SUPPORT  CANCEILATION  SYSTEM 


The  block  diagram  of  a  target  sjpport  cancellation  system  is 
presented  in  this  appendix.  The  system  was  conceived  by  Conduc- 
tron  Corporation  and  work  was  initiated  as  a  subcontracted  effort 
under  the  RAT  SCAT  R&D  program.  This  effort  was  cancelled  in  order 
to  place  more  emphasis  on  the  discrimination  svstem  supplemented 
under  the  RScD  program. 

The  cancellation  system  is  illustrated  in  block  diagram  form 
in  Figure  1*1 c  The  system  was  to  operate  in  conjunction  with  the 
normal  RAT  SCAT  equipment  complement.  In  this  system,  cancella¬ 
tion  is  achieved  at  the  inte’^nediate  frequency  (IF_1  level  A 
stable  IF  oscillator  is  s-f*-*  a  coherent  reference  The  stable 
IF  modulates  the  stable  raa  irequency  CRF}  carrier  in  the  single 
side  band  modulator  to  provice  a  sinn  frequency  output  to  the 
transmitter.  This  sum  frequency  is  then  pulse  modulated  and  trans¬ 
mitted.  A  portion  of  the  stable  IF  is  pulse  gated  at  a  time  slightly 
before  the  reception  of  the  background  signals  of  interest  Two 
adjacent  pulses  identical  to  che  transmitted  pulse  width  are  se* 
lected  from  the  tapped  delay  line  so  that  background  cancellation 
can  be  achieved  over  an  interval  before  and  after  the  target  range 
of  interest.  The  two  pulses  are  passed  through  attenuators  and 
phase  shifters  and  then  suamed  with  the  If  background  signals. 

Proper  adjustment  of  che  attenuators  and  phase  shifters  .111  pro¬ 
vide  the  background  cancellation.  The  output  indicator  can  be 
either  an  oscilloscope  of  the  Scientific  Atlanta  paper  chart  re¬ 
corder  . 

In  order  to  achieve  successful  cancellation  by  use  of  this 
technique,  it  is  necessary  that  the  "ancellation  equipment  be  free 
of  amplitude,  phase,  and  time  jitter  It  may  oe  necessary  to 
synchronize  the  timing  unit  with  the  stable  IF  cscillator  Back¬ 
ground  reduction  on  the  crder  of  20  db  is  expected  when  this  IF 
cancellation  technique  is  used. 

For  use  in  the  cancellation  system,  the  Band  ^  ^  1  to  2  giga- 
cycles)  transmitter -receiver  units  must  be  modified  for  coherent 
operation  to  provide  a  phase  measurement  capability  With  these 
modifications  incorporated,  a  stabilized  transmitter  master  oscil¬ 
lator,  a  stabilized  local  oscillator  outpv.t,  and  a  stable  60-iinega- 
cycle  coherent  signal  would  be  phase- locked  to  the  transmitter 
output.  (NOTE  The  above  requirements  are  essential Iv  identical 
to  those  specified  for  the  discrimination  system  implemented  for 
Band  4 . ) 
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A  block  diagram  of  the  RAT  SCAT  equipment  with  the  addition 
of  the  coherent  signal  source  and  the  IF  cancellation  system  is 
shown  in  Figure  1-2. 
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Fig.  I-l  IF  CANCELLATION  BLOCK  DUGRAM 
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appendix  II 


PHASE  STABILITY  TESTS 


This  appendix  contains  a  description  of  a  number  of  tests 
which  can  be  used  to  obtain  a  measure  of  the  sultabjllty  of  radar 
I  systems  for  phase  measurement  or  system  or  component  phase  sta- 
I  blllty.  Phase  stability  in  some  sense  is  required  in  any  system 
I  in  order  to  reduce  the  influence  of  undesired  coherent  signals. 
The  tests  described  are  oriented  toward  evaluating  the  RAT  SCAT 
equipments  and  the  use  of  available  RAT  SCAT  instrumentation,  but 
the  concepts  used  herein  appear  to  be  valid  for  general  applica¬ 
tion  when  they  are  appropriately  modified.  The  tests  were  con¬ 
sidered  for  system  evaluation  under  the  RAT  SCAT  R&D  program. 
Because  of  the  tlrce  limitation  prior  to  iaq>lementing  the  final 
discrimination  system,  only  the  transmitter  stability  and  the 
fixed  scatterer  reference  tests,  discussed  in  the  following  sub¬ 
sections,  were  conducted 

As  discussed  in  Section  2,  the  degree  of  stability  and  the 
components  for  which  phase  stability  is  required  are  dependent 
on  the  type  of  signal  reduction  scheme  to  be  implemented.  All  of 
the  tests  discussed  herein  are  based  on  a  comparison  of  two  sig¬ 
nals.  The  assumption  is  made  that  system  aicplltude  stability  is 
adequate.  The  two  signals  of  interest  can  be  written  as 


et  -  f2 

Et  cos  (u)t  +a>  2  Ad 

0 

+ 

(II-l) 

e,  -  r2 

„  ^  ^  .  2RAa) 

Eg  cos  (‘^t  - - 

+  0S' 

(II-2) 

where  the  t  and  s  subscripts  denote  target  and  reference,  re¬ 
spectively.  The  2  Ad  uO/c  term  represents  the  effect  a  shift  in 
the  physical  position.  Ad,  of  the  target.  The  2RAiO;/c  term  is  in¬ 
cluded  to  represent  the  effect  of  a  frequency  shift  over  the  range 
length,  R.  If  the  reference  signal  is  provided  in  the  vicinity 
of  the  target  (e.g.,  from  a  fixed  scatter  illuminated  by  the  radar), 
I  the  effect  of  this  term  can  be  essentially  eliminated. 

Problems  that  are  not  illustrated  in  Equations  II- 1  and  II-2 
are  (1)  the  effect  of  coupling  between  the  target  and  other  scat- 
terers,  such  as  the  support  system  and  (2)  the  effect  of  support 
system  distortion  when  the  target  is  in  place 
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Transmitter  Stability  Test 

The  system  shown  In  Figure  11- I  can  be  used  to  obtain  a  me as 
ure  of  stability  of  the  phase  shift  through  a  portion  of  the 
transmitted  signal  path,  the  power  amplifier  chain,  and  a  portion 
of  the  signal  distribution  system.  For  this  measurement,  the 
high-power  attenuator  can  be  connected  near  the  antenna  connec¬ 
tions.  By  using  a  large  part  of  the  normal  equipment  complement, 
the  test  can  be  easily  conducted,  and  the  results  can  be  easily 
interpreted.  The  directional  coupler  is  used  to  combine  eg  and 
e^.  The  signal  which  will  be  recorded,  can  be  written  as 

E^T  “  E^s  -  2EgEt  cos  (0t  -  08)  (II-3) 


The  amplitude  of  eg  and  e^  can  be  made  equal  by  observing  the  re¬ 
ceiver  output  when  only  one  of  the  signals  is  present.  Under  this 
condition,  the  phase  of  es  will  be  varied,  and  the  depth  of  the 
null  can  be  used  to  calculate  the  relative  phase  and  monitor  phase 
changes.  A  measure  of  the  phase  changes  can  be  obtained  by  re¬ 
cording  the  null  over  a  period  of  time.  The  zero-db  reference 
will  be  chosen  as  the  recorded  amplitude  of  either  eg  or  et  so 
that  the  depth  of  the  null  will  be  given  by 

10  log  4  sin2  ~  ,  db  (II-4) 

2 

consequently,  (0^  -  0g)  can  be  readily  determined.  A  pseudo 
random  phase  change  may  preclude  the  possibility  of  obtaining  a 
good  result  and  make  the  null  depth  somewhat  insensitive  to  the 
setting  of  the  phase  shifter.  A  check  on  the  instrumentation, 
or  a  measure  of  the  phase  change  introduced  by  frequency  changes, 
can  be  obtained  by  using  the  same  procedure  and  replacing  the  e^ 
signal  with  the  signal  on  the  dashed  line. 

Fixed  Scatter  Reference 

A  mechanically  stable  scatter  as  a  reference  signal  source 
can  be  used  to  obtain  phase  information  on  various  target  configu¬ 
rations  .  From  a  proper  sequence  of  radar  cross  section  measure¬ 
ments  of  the  reference  scatterer  alone,  the  target  alone,  and 
the  combined  scatterer  and  target,  phase  data  or  the  target  can 
be  obtained  by  use  of  the  law  of  cosines  if  it  is  assumed  that 
(1)  no  coupling  problem  is  present,  (2)  the  illumination  pattern 
of  the  system  is  unchanged,  and  (3)  the  absolute  spatial  position 
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Fig.  II- 1  TRANSMITTER  EQUIPMENT  PHASE  STABILITY 
MEASUREMENT  SYSTEM 


of  the  reference  scatterer  is  unchanged.  Under  these  assuoaptlons, 
a  series  of  radar  cross  section  measurements  will  provide  phase 
stability  data.  Also^  this  type  of  measurement  can  be  used  to 
extract  the  radar  cross  section  data.  A  series  of  tests  conducted 
at  the  RAT  SCAT  site  for  phase  stability  and  target  cross  section 
extraction  Is  discussed  In  Section  3. 

Range  Configuration  Stability 

The  setup  shown  In  Figure  II-l  can  be  used  to  test  the  sta¬ 
bility  of  the  overall  range  configuration  and/or  stability  of  a 
target  support  system  If  the  normal  antenna  setup  Is  used  rather 
than  the  bypassing  of  the  antenna  by  the  use  of  circuitry  through 
the  high  power  attenuator.  Frequency  drift  problems  can  be 
avoided  by  placing  a  suitably  long  delay  line  In  the  reference 
signal  path.  Changes  In  the  transmitter  system  path  can  be  elimi¬ 
nated  by  using  the  setup  shown  In  Figure  II-2. 

Because  of  time  limitations  this  test  was  not  conducted  prior 
to  Implementation  of  the  discrimination  system  at  the  RAT  SCAT 
site.  It  now  appears  that  this  type  of  test,  based  on  the  use  of 
a  stable  target  configuration,  would  have  been  highly  desirable. 

As  discussed  In  Section  3,  a  phase  Instability  problem  was  en¬ 
countered  outside  of  the  electronics  equipment.  This  setup  with¬ 
out  the  delay  line  can  also  be  used  to  evaluate  frequency  stabili¬ 
zation  systems  If  the  overall  system  stability  has  otherwise  been 
demonstrated. 

It  should  be  noted  that.  In  order  to  use  the  pulse  radar  re¬ 
ceiver  as  part  of  the  Instrumentation,  the  proper  time  relation¬ 
ships  must  be  established  for  the  received  and  reference  signals 
and  the  range  gate.  In  addition,  In  the  RAT  SCAT  equipment,  pro¬ 
vision  must  be  made  to  avoid  Interferrlng  with  the  cross  section 
measurement  reference  signal. 

Dual-Channel  Test  System 

A  test  system  similar  to  those  previously  discussed  Is  Il¬ 
lustrated  In  Figure  II-3.  Two  of  the  RAT  SCAT  ranges  and  two  sets 
of  antennas  are  used  In  this  system.  Two  additional  feed  horrs 
must  be  provided  at  the  frequency  of  Interest  to  Implement  this 
system.  The  reference  scatterer  Is  located  at  the  same  range  as 
the  target  In  order  to  eliminate  the  Influence  of  frequency  changes 
effectively . 

Use  of  this  system  precludes  the  possibility  of  coupling  be¬ 
tween  target  and  the  reference  scatterer.  It  will  also  allow  the 
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Fig.  II-2  RANGE  CONFIGURATION  STABILITY  TEST 
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phase  and  amplitude  of  the  return  from  the  target  to  be  manually 
tracked  by  use  of  the  variable  attenuator  and  phase  shifter.  With 
this  system,  a  simultaneous  measurement  of  the  phase  and  amplitude 
of  the  return  of  the  target  can  be  made  at  fixed  target  positions. 
Major  problems  expected  In  Implementing  this  system  are  antenna 
Isolation  and  the  possibility  of  the  external  phase  Instability 
discovered  during  the  Band  4  phase  measurements . 

Dual  Channel  Coherent  Reference 

A  60*megacycle  coherent  reference  signal  Is  required  for  two 
of  the  measurement  techniques  envisioned  fcr  the  R&D  program.  A 
method  of  providing  this  signal  Is  Illustrated  In  Figure  11-4. 

By  using  this  method,  the  problems  which  may  be  created  through 
the  use  of  a  reference  osclllatcr  at  the  radar  can  be  avoided.  As 
previously  shown,  these  problems  result  from  phase-related  ef¬ 
fects  on  nonconstant  phase  shifts  through  the  radar  equipment  and 
frequency  drifts,  but  they  can  be  largely  eliminated  by  proper 
equipment  design  and  utilization  of  phase- locked  transmitter,  local 
oscillator,  and/or  reference  signals  planned  for  the  RAT  SCAT  site. 
In  theory,  the  dual-channel  system,  shown  In  Figure  11-4,  can  be 
used  to  provide  a  coherent  reference  signal.  As  before,  the  fixed 
scatterer  Is  placed  at  the  same  range  as  the  target.  The  only 
potential  equipment  Instability  problems  will  be  In  the  mixer  and 
IF  systems.  The  effect  of  frequency  drift  should  be  completely 
eliminated.  As  previously  Indicated,  severe  problems  are  antici¬ 
pated  in  Isolating  the  antenna  systems  and  several  equipment 
changes  or  additions  will  be  required  to  Implement  this  system  at 
the  RAT  SCAT  site  Additional  feed  horns,  an  IF  system,  additional 
power  supply  capacity,  and  additional  local  oscillator  capacity 
are  among  these  requirements 

Dual  Channel  Measurement  System 

In  phase  measurements,  some  type  of  phase  angle  ambiguity  Is 
usually  encountered.  A  sign  ambiguity  Is  evident  In  Equation  II-3. 
This  ambiguity  can  be  resolved  In  the  following  manner.  The  two 
signals  described  by  Equations  II-l  and  II-2  are  combined  directly 
and  simultaneously  combined  with  one  signal  shifted  Tf  }1  to  obtain 
two  signals, 

E^l  -  E^s  +  2^sEt  cos  ^<^t  -  (11-5) 

and 
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(II-6) 


2EgEt  sin  (0^. 


from  which  the  true  angle  can  be  determined  This  procedure  is 
used  in  the  measurement  system  shown  in  Figure  1I~5,  which  is  a 
combination  of  previously  discussed  systems c  The  reference  scat- 
terer  is  placed  on  the  same  range  as  the  target  to  avoid  frequency 
drift  problems c  Some  equipment  phase  Instability  problems  are 
avoided  because  of  similar  paths  of  the  reference  and  target  sig¬ 
nals.  The  signals  represented  by  Equations  II-5  and  11-6  are 
registered  3n  separate  recorders.  A  net  yf  /2  shift  is  provided 
by  use  of  the  calibrated  phase  shifter.  Since  the  amplitude  of 
the  return  from  the  fixed  scatterer  can  be  measured,  the  phase 
and  amplitude  of  the  return  from  the  fixed  scatterer  can  be  meas¬ 
ured,  and  the  phase  and  amplitude  of  the  return  from  the  target 
can,  in  theory,  be  calculated.  The  recorded  signals  will  be  o. 
measure  of  radar  cross  section,  and  Equations  II- 5  and  II-6  can 
be  written  as 


a 


^s  +  or, 


fCTs  O-t 

CCS  (0,  -  0g) 

(II-7) 

sin  (0t  -  0s ^ 

(11-8) 

solved  for 

Cr,  and  (0t 

0s)  ^ 

a. 


{Oi  +C2) 


1^1  ^ 


2  +  O'g  (C7i  4-  ^2)  -  a 


(0t  '  0s ^ 


-1  (^2  ‘  0's  -  •O,) 


Os  -  O, 


01-9) 


Ambiguities  in  these  relations  can  be  resolved  by  substituting 
values  of  and  ^0^  -  0s)  into  Equations  I I -8  and  II -9.  Aside 

from  the  problems  associated  with  the  basic  measurement  systems 
previously  discussed,  such  as  antenna  isolation  and  the  external 
phase  instability  discovered  during  the  Bnnd  A  phase  measurements, 
limited  accuracy  should  be  anticipated  for  this  measurement  sys¬ 
tem  as  the  system  will  probably  not  provide  suitably  accurate  data 
to  define  the  azimuth  angles  where  this  ratio  a,  is  very 
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snail  or  large.  Liaitera  on  a  servo  system  could  be  provided  to 
obtain  better  results,  but  system  co^>lexity  would  be  greatly  in¬ 
creased." 
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Fig. I I- 5  DUAL  CHANNEL  MEASUREMENT  SYSTEM 
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13  ABSTRACT 

The  results  of  an  investigation  of  analytical  and  analog  tech¬ 
niques  for  reducing  the  influence  of  target  support  systems  for 
radar  scattering  measurements  are  presented  and  discussed  in  this 
report.  Several  areas  of  electrical  and  mechanical  requirements 
associated  with  these  techniques  were  theoretically  and  experi¬ 
mentally  investigated.  An  experimental  system  for  analytically  re¬ 
ducing  the  influence  of  target  supports  was  implemented  by  incor¬ 
porating  a  phase  measurement  system  and  a  digital  computer  into  an 
operational  radar  cross  section  measurement  facility,  Data  was  ob¬ 
tained  by  using  the  system  to  reduce  the  influence  c-f  the  return  of 
Styrofoam  support  columns  during  the  measurement  of  1^2-,  5/8-,  7/1- 
and  2-inch  diameter  spheres  and  a  30-degree,  5,1-inch  diameter  spher( 
cone  as  targets  at  L-Band,  A  cross  section  measurement  error  of. 
about  7  db,  resulting  from  the  influence  of  the  target  support  sys¬ 
tem,  was  reduced  to  about  1  db  by  using  this  discrimination  system 
in  the  vicinity  of  nose-on  in  the  case  of  the  sphere-cone  target. 

The  discrimination  system  output  was  compared  to  a  low  background 
measurement  on  the  sphere-cone.  This  is  Report  No,  8  of  a  series 
of  eight  RAT  SCAT  Research  and  Development  Program  reports. 
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